
A  

 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\7.2.9 Draft Final MP\English\Note on translation.doc 

 
 
 
 
 
 
 

 

 

 
This document is a translation of the original document, 
written in Spanish for Comisión Estatal de Servicios 
Públicos de Tijuana (CESPT), the water and wastewater 
operating agency for the municipalities of Tijuana and 
Playas de Rosarito, Baja California, Mexico. 
 



A i 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 

Contents 

Section 1 Introduction 
1.1 Background............................................................................................................... 1-1 
1.2 Project Objectives ..................................................................................................... 1-2 
1.3 Report Organization ................................................................................................ 1-2 
1.4 Important Considerations....................................................................................... 1-3 
 

Section 2 Description of the Study Area 
2.1 Description of the Study Area................................................................................ 2-1 

2.1.1 Geographical and Topographic Characteristics ................................... 2-1 
2.1.2 Topography ............................................................................................... 2-4 
2.1.3 Climate ....................................................................................................... 2-4 
2.1.4 Hydrography............................................................................................. 2-6 
2.1.5 Vegetation .................................................................................................. 2-7 
2.1.6 Geology ...................................................................................................... 2-7 
2.1.7 Risks Associated with Natural Phenomena........................................ 2-11 
2.1.8 Land Use .................................................................................................. 2-11 

2.2 Development Plans ................................................................................................ 2-18 
2.3 Population ............................................................................................................... 2-20 
2.4 Existing Potable Water Systems........................................................................... 2-25 
 2.4.1 General Description................................................................................ 2-25 
 2.4.2 Sources, Quality, and Level of Treatment ........................................... 2-28 
 2.4.3 Aggregate Water Usage ......................................................................... 2-37 
 2.4.4 Level of Service ....................................................................................... 2-38 
2.5 Description of the Current Wastewater Disposal System................................ 2-39 
 2.5.1 General Description................................................................................ 2-39 
 2.5.2 Service Levels .......................................................................................... 2-40 
 2.5.3 Treatment and Disposal Levels............................................................. 2-40 
 2.5.4 Wastewater Discharge Regulations...................................................... 2-47 
 2.5.5 Wastewater Quality and Effects ........................................................... 2-49 
2.6 Environmental Impacts ......................................................................................... 2-50 
 2.6.1 Environmental Context .......................................................................... 2-50 
 2.6.2 The Issue of Public Health ..................................................................... 2-53 
 2.6.3 Environmental Issues ............................................................................. 2-54 
 2.6.4 Major Considerations in the Planning Process ................................... 2-54 
2.7 Economic Factors and Activity ............................................................................ 2-55 
 2.7.1 Economic Factors .................................................................................... 2-55 
2.8 Transboundary Considerations ........................................................................... 2-62 
2.9 Other Services Provided by CESPT and by Private Infrastructure................. 2-66 

 



Table of Contents 
Continued 

A ii 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

Section 3 Assessment of Current Conditions 
3.1 Water Resources ....................................................................................................... 3-1 
 3.1.1 Condition and Capacity................................................................................ 3-1 
 3.1.2 Planned Improvements................................................................................. 3-7 
 3.1.3 Current Deficiencies in the Supply Sources............................................... 3-8 
3.2 Water Production ..................................................................................................... 3-9 

3.2.1 Condition and Capacity ........................................................................... 3-9 
3.2.2 Operation and Maintenance.................................................................. 3-27 
3.2.3 Current Deficiencies ............................................................................... 3-30 
3.2.4 Current Planned Projects ....................................................................... 3-32 

3.3 Potable Water System............................................................................................ 3-33 
 3.3.1 Service Area ............................................................................................. 3-33 

3.3.2 Condition and Capacity (State of the Infrastructure) ........................ 3-42 
3.3.3 Identification of Water Losses............................................................... 3-52 
3.3.4 Operation-and-Maintenance Practices................................................. 3-55 
3.3.5 Procedural Framework .......................................................................... 3-56 
3.3.6 Shortcomings in the Potable Water System ........................................ 3-57 
3.3.7 Current and Planned Projects ............................................................... 3-57 

3.4 Sewer System.......................................................................................................... 3-58 
 3.4.1 General Description................................................................................ 3-58 
 3.4.2 Infrastructure Description ..................................................................... 3-59 
 3.4.3 Sewer System Capacity .......................................................................... 3-61 
 3.4.4 Service Coverage..................................................................................... 3-66 
 3.4.5 Industrial Pretreatment Program ......................................................... 3-66 
 3.4.6 Operation-and-Maintenance Practices................................................. 3-66 
 3.4.7 Procedural Framework .......................................................................... 3-68 
 3.4.8 Current and Planned Projects ............................................................... 3-70 
3.5 Sanitation................................................................................................................. 3-70 
 3.5.1 Introduction ............................................................................................. 3-70 
 3.5.2 Current Conditions of Treatment Plants ............................................. 3-71 
  3.5.2.1 South Bay International Wastewater Treatment  
  Plant (SBIWTP)........................................................................................ 3-71 
  3.5.2.2 San Antonio de Los Buenos .................................................... 3-74 
  3.5.2.3 Other Wastewater Treatment Plants ..................................... 3-79 
 3.5.3 Operation and Maintenance Practices ................................................. 3-86 
 3.5.4 Current and Planned Projects ............................................................... 3-87 
 3.5.5 Procedural Framework .......................................................................... 3-87 
 

Section 4 General Planning Methodology 
4.1 Sustainable Development for Master Plan Decision Making ............................ 4-1 
 4.1.1 Requirements for Sustainable Development Process .......................... 4-1 
 4.1.2 Indicators and Criteria ............................................................................. 4-2 



Table of Contents 
Continued 

A iii 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

 4.1.3 Weighting the Criteria.............................................................................. 4-7 
4.2 Evaluation of Alternatives ...................................................................................... 4-8 
 

Section 5 Population, Growth and Land Use Projections 
5.1 Growth Assumptions .............................................................................................. 5-1 
5.2 Population Growth Projections.............................................................................. 5-2 

5.2.1 Methodology................................................................................................ 5-2 
5.2.2 Projections .................................................................................................... 5-3 

5.3 Economic Growth Projections..................................................................................... 5-7 
5.3.1 Economic Forecast Model .......................................................................... 5-8 
5.3.2 Economic Growth Projections for Tijuana and Playas de Rosarito ..... 5-9 
5.3.3 Forecast of Industrial Growth in Tijuana and Playas de Rosarito ..... 5-11 

5.4 Forecast of Growth Distribution .......................................................................... 5-13 
5.4.1 Methodology.............................................................................................. 5-13 
5.4.2 Population and Land Use Projections.................................................... 5-15 

5.5 Growth Projection by Area ................................................................................... 5-15 
 

Section 6 Water Demand Projections 
6.1 Potable Water Demand Projections....................................................................... 6-1 
 6.1.1 Historic and Current Water Demand per Customer Type ................. 6-1 
 6.1.2 Physical and Commercial Losses (unaccounted-for-water) ............... 6-3 
 6.1.3 Current Water Supply per Customer Type........................................... 6-5 
 6.1.4 Future Physical and Commercial Losses............................................... 6-5 
 6.1.5 Water Consumption and Supply Projections ....................................... 6-6 
 6.1.6 Water Demand Projections...................................................................... 6-7 
 6.1.7 Comparison Between Water Demand and Capacity  
  of Water Supply Sources........................................................................ 6-11 
 6.1.8 Comparison of Water Demand and Water Treatment Capacity...... 6-14 
6.2 Wastewater Flow Projections ............................................................................... 6-16 

6.2.1 Current Wastewater Generation........................................................... 6-16 
6.2.2 Sewer System Infiltration....................................................................... 6-17 
6.2.3 Projections of Wastewater Generation................................................. 6-17 
6.2.4 Comparison of Wastewater Generation and Treatment  
 Capacity.................................................................................................... 6-18 

6.3 Water Demand Geographical Distribution ........................................................ 6-20 
 6.3.1 Definition of Pressure Zones................................................................. 6-21 
 6.3.2 Population Distribution by Pressure Zones........................................ 6-23 
 6.3.3 Water Demand Distribution by Pressure Zone .................................. 6-28 
6.4 Geographical Distribution of Wastewater Generation Projections................. 6-32 
 6.4.1 Definitions of Sewer Sub-basins ........................................................... 6-32 
 6.4.2 Population Distribution by Sub-basin ................................................. 6-34 
 6.4.3 Wastewater Generation Distribution by Sub-basin ........................... 6-37 



Table of Contents 
Continued 

A iv 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

6.5 Water Conservation Programs and Recommended Actions ........................... 6-40 

Section 7 Water Resources and Potabilization Requirements 
7.1 Current and Potential Water Sources.................................................................... 7-1 

7.1.1 Current Water Sources ............................................................................. 7-2 
7.1.2 Potential Water Sources ........................................................................... 7-5 

7.2 Identification of Feasible Water Sources............................................................. 7-13 
7.3 Water Treatment Options ..................................................................................... 7-14 

7.3.1 Potential Water Sources ......................................................................... 7-14 
7.3.2 Potable Water Quality Regulations ...................................................... 7-14 
7.3.3 Quality of Identified Water Sources..................................................... 7-16 
7.3.4 Water Quality Goals Recommended for the Master Plan................. 7-21 
7.3.5 Water Options Available for Each Source........................................... 7-21 

7.4 Identification of the Most Feasible Water Treatment Options......................... 7-24 
7.5 Identification of Potential Sites for the Construction of Water  

 Treatment Plants ................................................................................................................ 7-25 
 
Section 8 Wastewater Infrastructure Requirements 

8.1 Wastewater System Evaluation.............................................................................. 8-1 
8.2 Wastewater Projects considered by CESPT in the short-term ........................... 8-3 
8.3 Additional Needs for Wastewater Treatment Capacity ..................................... 8-3 
8.4 Wastewater Treatment Options ............................................................................. 8-5 

8.4.1 Wastewater Discharge Regulations........................................................ 8-5 
8.4.2 Discharge Quality Goals Recommended for the Master Plan............ 8-7 
8.4.3 Available Wastewater Treatment Options............................................ 8-8 

8.5 Prioritization of Wastewater Option Used for Planning Purposes................. 8-13 
8.6 Identification of Potential Sites for the Construction of Treatment 
Plants 8-14 
8.7 United States Public Law Plant ............................................................................ 8-19 
 

Section 9 Development of Water and Wastewater Alternatives 
9.1 Water Alternatives ................................................................................................... 9-1 
9.2 Prioritization of Water Alternatives ..................................................................... 9-5 
9.3 Wastewater Alternatives ...................................................................................... 9-10 
9.4 Prioritization of Wastewater Alternatives.......................................................... 9-13 
9.5 Common Elements to all the Alternatives.......................................................... 9-14 

 
Section 10 Potable Water System Analysis 

10.1 Model Development and Calibration ................................................................. 10-1 
10.1.1 Model Development ................................................................................ 10-1 
10.1.2 Model Calibration .................................................................................... 10-2 

   10.1.2.1 Aqueduct El Florido-Otay-Aeropuerto ............................... 10-3 



Table of Contents 
Continued 

A v 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

   10.1.2.2 Aqueduct El Florido-Aguaje-Playas .................................... 10-5 
   10.1.2.3 Aqueduct A.L. Rodriguez to Morelos Reservoir................ 10-6 
 10.2  Analysis of the Water System Facilities in the  
  Currently Developed Areas ................................................................................. 10-7 

 10.2.1 Analysis of the El Florido – Aguaje de La Tuna Aqueduct ............... 10-8 
 10.2.1.1 Analysis of the Aguaje de La Tuna - Playas  
   de Tijuana Section................................................................... 10-8 

10.2.1.1.1 Analysis of the 4 ½ Reservoir to Playas 1  
 Reservoir Section................................................. 10-9 

10.2.1.1.2 Analysis of the Aguaje de La Tuna to the 4½ 
Reservoir Section............................................... 10-11 

10.2.1.1.3 Analysis of the Aguaje de La Tuna  
 Reservoir to the Obrera Reservoir Section .... 10-12 
10.2.1.1.4 Analysis of the Panamericano Section ........... 10-13  

  10.2.1.2 Analysis of the Rodriguez Plant Connection to 
Aguaje de la Tuna Section ................................................... 10-14 

  10.2.1.3 Analysis of the Zona Rio Section........................................ 10-15 
  10.2.1.4 Analysis of the El Florido to Rodriguez Plant  

Section .................................................................................... 10-16 
 10.2.2 Analysis of the Florido – Otay Aqueduct.......................................... 10-17 
  10.2.2.1 Analysis of the Otay Reservoir to Aeropuerto  
   Reservoir Section .................................................................. 10-17 

10.2.2.2 Analysis of the Cerro Colorado to Otay  
 Reservoir Section .................................................................. 10-18 

  10.2.2.3 Analysis of the El Florido Plant to  
   Cerro Colorado Aqueduct................................................... 10-19 

10.2.3 Analysis of the El Florido Plant to the  
 Fiadert Reservoir Aqueduct ................................................................ 10-19 

 10.2.4 Summary of Proposed Improvements for the Developed Area .... 10-19 
10.3 Evaluation of Proposed Water System for Areas to be Developed .............. 10-21 
 10.3.1 Analysis of Alternative B-B (same as B-C, B-D and B-E)............... 10-22 
 10.3.2 Analysis of Alternative F-B................................................................ 10-25 
 10.3.3 Analysis of Alternative F-D ............................................................... 10-26 
 10.3.4 Analysis of Alternative F-E................................................................ 10-30 
 10.3.5 Analysis of Alternative G-B (Same as G-C) ..................................... 10-33 
 10.3.6 Analysis of Alternative G-D .............................................................. 10-35 

 10.3.7 Analysis of Alternative G-E............................................................... 10-38 
 
Section 11 Infrastructure Requirements for the Wastewater Collection System 

11.1 Evaluation of the Wastewater Collection System (wastewater  
 hydraulic model) .................................................................................................... 11-1 

11.1.1 Development of the Model.................................................................... 11-1 



Table of Contents 
Continued 

A vi 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

 11.2 Model Calibration.................................................................................................. 11-5 
11.3 Operation of the System Under Current Conditions (year 2001).................... 11-8 
11.4 Wastewater Collection Alternatives.................................................................. 11-11 
11.5 Wastewater Collection System Analysis in relation to the location  
 of WWTP’s for each Alternative ........................................................................ 11-24 

 
Section 12 Development and Evaluation of Integrated Alternatives 

12.1 Integration and Evaluation of Global Alternatives ........................................... 12-1 
12.2  Evaluation Criteria............................................................................................... 12-38 
12.3  Cost Estimates ...................................................................................................... 12-40 
12.4 Alternative Evaluation and Recommendation ................................................ 12-57 

12.4.1 Summary of General Methodology.................................................... 12-57 
12.4.2 Comparison of Alternatives by Criteria ............................................ 12-60 
12.4.3 Evaluation of the Alternatives Considering All the Criteria .......... 12-67 
12.4.4 Sensitivity Analysis .............................................................................. 12-69 

12.5 Analysis of the Implementation of Public Law 106-457 ................................. 12-73 
12.5.1 Capacity Required for the Public Law Facility................................. 12-74 
12.5.2 Implementation of the Public Law Under the Scenario  
 Presented by Alternatives FE, GE, and FB ........................................ 12-75 

12.6 Options for Effluent Disposal............................................................................. 12-78 
 
Section 13 Description of Environmental Documents 

13.1 Environmental Study in Agreement with Mexican Regulations .................... 13-1 
13.2 Environmental Assessment .................................................................................. 13-2 

Appendices 
Appendix A Documents Report 
Appendix B  Methodology of Economic Factors and Activity 
Appendix C  Description of the Potable Water System Districts 
Appendix D  List of Standpipes in Operation 
Appendix E  Structures connected to the Telemetry System 
Appendix F  List of Regulation Tanks 
Appendix G  List of Pumping Stations 
Appendix H  Main Problems Observed with the Potable Water System 
Appendix I  Potable Water System 
Appendix J  Wastewater System 
Appendix K  Sustainable Development Criteria 
Appendix L  Methodology used for the Population Projections 
Appendix M  Population and Land Use Projections Tables and Figures 
Appendix N  Economic Growth Forecast 
Appendix O  Demand Model 
Appendix P  Master Plan Assumptions Concerning the Public Law 106-457 



Table of Contents 
Continued 

A vii 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

Appendix Q  Pipelines with Insufficient Capacity in Maximum Flow 
Conditions (2001) 

Appendix R Methodology Used to Estimate Costs (English Translation 
Forthcoming) 

Appendix S Methodology Used in the Preliminary Estimation of the Potential 
Environmental Impact (English Translation Forthcoming) 

 
 



Table of Contents 
Continued 

A viii 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

Figures 

2-1 Geographical location and topography ................................................................ 2-2 
2-2 Elevation Digital Model .......................................................................................... 2-3 
2-3 Land slope classification ......................................................................................... 2-5 
2-4 Basin delineation ...................................................................................................... 2-8 
2-5 Predominant geological characteristics ................................................................ 2-9 
2-6 Predominant lithological characteristics............................................................. 2-10 
2-7 Main geological faults in the region .................................................................... 2-13 
2-8 Seismic risk area ..................................................................................................... 2-14 
2-9 Actual urban land use ........................................................................................... 2-16 
2-10 Future urban land use ........................................................................................... 2-17 
2-11 Current potable water sources for Tijuana and Playa de Rosarito ................. 2-27 
2-12 Hydrological basins of Tijuana and Playas de Rosarito ................................... 2-42 
2-13 Existing wastewater treatment plants in the area of study.............................. 2-44 
3-1 Mexicali-Tijuana Aqueduct .................................................................................... 3-3 
3-2 Historical production of all water sources ......................................................... 3-11 
3-3 Historical production of the El Florido water treatment plant........................ 3-12 
3-4 El Florido Water Treatment Plant Flow Diagram - Module 1 ......................... 3-13 
3-5 El Florido Water Treatment Plant Flow Diagram - Module 2 ......................... 3-14 
3-6 Daily turbidity of the effluent of El Florido Water Treatment Plant -  
 Module 1 (2001) ...................................................................................................... 3-17 
3-7 Daily turbidity in the effluent of El Florido Water Treatment Plant -  
 Module 2 (2001) ...................................................................................................... 3-18 
3-8 Percentile distribution of daily turbidity in the effluent of 
 El Florido Water Treatment Plant (2001) ............................................................ 3-19 
3-9 Abelardo L. Rodriguez Water Treatment Plant Flow Diagram ...................... 3-21 
3-10 Historical production of Abelardo L. Rodriguez Water Treatment Plant ..... 3-23 
3-11 Historical production of wells.............................................................................. 3-28 
3-12 Construction of the potable water system over 5 year periods ....................... 3-34 
3-13 Districts of operation and maintenance .............................................................. 3-36 
3-14 Areas with and without piped potable water service....................................... 3-38 
3-15 Areas with permanent low pressure and with low pressure  
 during the summer ................................................................................................ 3-39 
3-16 Areas with recurring leaks.................................................................................... 3-40 
3-17 Areas requiring immediate rehabilitation .......................................................... 3-41 
3-18 Primary elements that conform the potable water network of Tijuana  
 and Playas de Rosarito .......................................................................................... 3-43 
3-19 Hydraulic Districts................................................................................................. 3-47 
3-20 Pipe system that conforms the primary sewage system network of 

Tijuana and Playas de Rosarito............................................................................ 3-60 



Table of Contents 
Continued 

A ix 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

3-21 Areas where pipelines have exceeded useful life.............................................. 3-64 
3-22 Areas of flooding and wastewater overflows during periods of rainfall ...... 3-65 
3-23 Areas with and without sanitary sewage system.............................................. 3-67 
3-24 Location of pump stations and conveyance lines.............................................. 3-76 
3-25 Wastewater treatment plants sites are not operated by CESPT ...................... 3-81 
4-1 Calculation Process for the Alternatives Score .................................................... 4-9 
4-2 Summary of the Alternatives Comparison Process .......................................... 4-10 

 5-1 Total Population for Tijuana (from 1930 to the 2025 projections) .................... 5-6 
6-1 Unaccounted for Water 1996-2001 Tijuana and Playas  
 de Rosarito. ............................................................................................................... 6-4 
6-2 Total Water Demand for the Study Area............................................................ 6-11 
6-3 Water Demand and Supply Projections Potable for Tijuana and  
 Playas de Rosarito .................................................................................................. 6-14 
6-4 Projected Water Treatment Demand and Existing Treatment Capacity  
 For Tijuana y Playas de Rosarito.......................................................................... 6-16 
6-5 Comparison of Treatment Demand and Capacity for the Study Area........... 6-20 
6-6 Current Pressure Zone (2001)............................................................................... 6-22 
6-7 Landuse within each Pressure Zone.................................................................... 6-27 
6-8 Cost Distribution per Pressure Zone................................................................... 6-31 
6-9 Watershed Limits ................................................................................................... 6-33 
6-10 Landuse within each Watershed.......................................................................... 6-36 
6-11 Flows Generated by Watershed........................................................................... 6-39 

 7-1 Potential future sites for Treatment Plants and Desalinization  
  Plant (2023).............................................................................................................. 7-29 

8-1 Potential Sites for WWTP (2023) .......................................................................... 8-21 
10-1 Location of Calibration Monitoring Stations (2002) .......................................... 10-4 
10-2 Recommended Infrastructure for Developed Areas (2002) ........................... 10-20 
10-3 Alternative BB, Recommended Infrastructure for Non-developed Areas... 10-24 
10-4 Alternative FB, Recommended Infrastructure for Non-developed Areas... 10-27 
10-5 Alternative FD, Recommended Infrastructure for Non-developed 

Areas ..................................................................................................................... 10-29 
10-6 Alternative FE, Recommended Infrastructure for Non-developed Areas... 10-32 
10-7 Alternative GB, Recommended Infrastructure for Non-developed 

Areas ..................................................................................................................... 10-34 
10-8 Alternative GD, Recommended Infrastructure for Non-developed 

Areas ..................................................................................................................... 10-37 
10-9 Alternative GE, Recommended Infrastructure for Non-developed 

Areas ..................................................................................................................... 10-40 
11-1 Flow monitoring stations of Wastewater Effluent ............................................ 11-7 
11-2 Existing segments with conveyance capacity problems (2001) ..................... 11-10 
11-3 Areas of contribution for WWTP (Alternative BB) ......................................... 11-14 
11-4 Areas of contribution for WWTP (Alternative BC) ......................................... 11-17 



Table of Contents 
Continued 

A x 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

11-5 Areas of contribution for WWTP (Alternative BD)......................................... 11-20 
11-6 Areas of contribution for WWTP (Alternative BE) ......................................... 11-23 
12-1 Alternative B-B....................................................................................................... 12-3 
12-2 Alternative B-C ...................................................................................................... 12-8 
12-3 Alternative B-D .................................................................................................... 12-11 
12-4 Alternative B-E..................................................................................................... 12-14 
12-5 Alternative F-B ..................................................................................................... 12-17 
12-6 Alternative F-C..................................................................................................... 12-20 
12-7 Alternative F-D .................................................................................................... 12-22 
12-8 Alternative F-E ..................................................................................................... 12-25 
12-9 Alternative G-B .................................................................................................... 12-28 
12-10 Alternative G-C.................................................................................................... 12-31 
12-11 Alternative G-D ................................................................................................... 12-33 
12-12 Alternative G-E .................................................................................................... 12-36 
12-13 Process to Calculate the Alternatives Selection............................................... 12-59 
12-14 Summary of Comparison Process ..................................................................... 12-56 
12-15 Comparison of Alternatives by Costs............................................................... 12-61 
12-16 Comparison of Alternatives based on Environmental Impact ..................... 12-62 
12-17 Comparison of Alternatives based on Risk...................................................... 12-62 
12-18 Comparison of Alternatives per Contribution of the Main Source .............. 12-63 
12-19 Comparison of Alternatives by Aquifer Recharge ......................................... 12-64 
12-20 Comparison of Alternatives by Transboundary Water Discharge............... 12-65 
12-21 Comparison of Alternatives per Sludge Impact.............................................. 12-66 
12-22 Comparison of Alternatives by Effluent Reuse............................................... 12-66 
12-23 Comparison of Alternatives Based on All Criteria ......................................... 12-67 
12-24 Criteria contribution for the selection of the best alternatives...................... 12-68 
12-25 Number of Times in the Top Three Places....................................................... 12-71 
12-26 Sensibility Results Analysis ............................................................................... 12-72 
 

 



Table of Contents 
Continued 

A xi 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

Tables 

2-1 Boundaries of the Basins in the Study Area ......................................................... 2-6 
2-2 Summary of the Enforced Development Plans and Programs in Tijuana  
 and Playas de Rosarito .......................................................................................... 2-19 
2-3 Total Population and Rates of Demographic Growth for  
 Border States, 1960-2000........................................................................................ 2-21 
2-4 Total Population of Northern Mexican Border Cities, 1970-2000.................... 2-22 
2-5 Population by Age and Gender, Tijuana-Playas de Rosarito 2000 ................. 2-24 
2-6 Population 5 years of Age and Older by Educational Level and  
 Gender, Tijuana-Playas de Rosarito, 2000 .......................................................... 2-25 
2-7 Water Production (2001) ....................................................................................... 2-28 
2-8 2001 Monthly Average Water Quality Results - Influent and Effluent at 
 El Florido Water Treatment Plant........................................................................ 2-29 
2-9 Year 2001 Monthly Average Water Quality Results – Well Water ................. 2-32 
2-10 Parameter Averages Found in Tanks Monitored by CESPT............................ 2-34 
2-11 Average Levels of Residual Chlorine Found at Monitoring Points  
 in the Potable Water System................................................................................. 2-35 
2-12 Volume Invoiced by Year and Number of CESPT Registered  
 Customer Accounts................................................................................................ 2-37 
2-13 Estimated Consumption and Supply of Potable Water, 2001.......................... 2-38 
2-14 Service Coverage Reported by INEGI for 2000.................................................. 2-39 
2-15 Maximum Allowable Limits for Discharges to Recreational-Use  
 Coastal Waters NOM-001-ECOL-1996................................................................ 2-43 
2-16 Maximum Allowable Limits for Contaminants in Wastewater  
 Discharges to Urban or Municipal Sewer Collection Systems  
 NOM-002-ECOL-1996 ........................................................................................... 2-45 
2-17 Maximum Allowable Limits for Contaminants in Treated Wastewater  
 for Public Re-Use NOM-ECOL-003-1997............................................................ 2-45 
2-18 Wastewater Treatment Plants Operated by CESPT .......................................... 2-47 
2-19 Particular Conditions of Discharge from the San Antonio de Los 

Buenos Wastewater Treatment Plant .................................................................. 2-47 
2-20 Specific Discharge Conditions: Playas de Rosarito Wastewater  
 Treatment Plant ...................................................................................................... 2-48 
2-21 Allowable Limits for Heavy Metals in Biosolids  
 PROY-NOM-004-ECOL-2001 ............................................................................... 2-49 
2-22 Allowable Limits for Pathogens and Parasites in Biosolids 
 NOM-004-ECOL-2001 ........................................................................................... 2-49 
2-23 Water Quality Limits Established by the Regulation........................................ 2-50 
2-24 Poverty Rates .......................................................................................................... 2-56 
2-25 Percentage Distribution of the Population by Minimum Salary Ranges ....... 2-57 



Table of Contents 
Continued 

A xii 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

2-26 Contribution of Cities to National Poverty Rates.............................................. 2-58 
2-27 Rates of Shortfalls in Basic Services, 1995........................................................... 2-60 
2-28 Human Development Index 1995, (Adjusted for Income Distribution) ........ 2-62 
2-29 International Boundary and Water Commission Relevant Agreements ....... 2-63 
2-30 Standpipes operated by CESPT used to provide water to water trucks ........ 2-66 
2-31 Wastewater treatment plants not operated by CESPT ..................................... 2-67 
3-1 Average Annual Water Production for 2001........................................................ 3-1 
3-2 Record of wells ......................................................................................................... 3-5 
3-3 Proposed Project and Total Usable Flow.............................................................. 3-8 
3-4 Design Criteria for the El Florido Plant .............................................................. 3-15 
3-5 Design criteria for the Abelardo L. Rodriguez Plant ........................................ 3-24 
3-6 Water Quality – Year 2001 – Average Monthly Results – Effluent from 
 Rodriquez Treatment Plant .................................................................................. 3-25 
3-7 Proposed projects for the exploitation of groundwater  
 through deep wells ................................................................................................ 3-26 
3-8 Number of Colonias (Neighborhoods) with Water Service Problems............. 3-33 
3-9 Potable Water System Installations ..................................................................... 3-37 
3-10 Period and Expanse of Pipe Installation ............................................................. 3-44 
3-11 Potable Water Distribution System in Tijuana and Playas de Rosarito ......... 3-45 
3-12 Drinking Water System – Materials and Length ............................................... 3-46 
3-13 Aqueducts and Transmission Mains – Materials and Pipe Capacity ............. 3-48 
3-14 Determination of Monthly Water Loss (2001).................................................... 3-49 
3-15 Nature of Water Loss............................................................................................. 3-53 
3-16 Water Losses ........................................................................................................... 3-54 
3-17 Wastewater Flow at Pumping Stations (2001) ................................................... 3-54 
3-18 Collected and Quantified Wastewater Flows, Tijuana and Rosarito.............. 3-61 
3-19 Operational Flows, SBIWTP ................................................................................. 3-71 
3-20 California Ocean Plan Allowable Discharge Limits.......................................... 3-73 
3-21 Summary of Influent (IN) and Effluent (EF) Water Quality, 
 SBIWTP, 1999-2001................................................................................................. 3-73 
3-22 Volume of wastewater generated in the past six years at  
 San Antonio de Los Buenos WWTP .................................................................... 3-77 
3-23 Maximum Permissible Limits for the San Antonio de Los Buenos  
 de Acuerdo WWTP established by NOM-001-ECOL-1996 and the  
 Particular Conditions of Discharge ..................................................................... 3-77 
3-24 Summary of Influent (IF) and Effluent (EF) Water Quality, 1996-2001............ 3-7 
3-25 Specific Discharge Conditions for the Rosarito WTP, April 11, 1997 ............. 3-82 
3-26 Influent and Effluent Water Quality of the Treatment Plant,  
 1988 to 2001 ............................................................................................................. 3-83 
3-27 Characteristics of the Influent and the Effluent of the San Antonio del  
 Mar Plant between 1998-2001............................................................................... 3-84 
3-28 Characteristics of the Influent and the Effluent of the San Antonio 



Table of Contents 
Continued 

A xiii 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

 del Mar Plant between January and March 2002............................................... 3-85 
3-29 Treatment Plants not operated by CESPT .......................................................... 3-86 
4-1 Concurrent Technical and Decision Making Tasks for the master plan .......... 4-2 
4-2 Goals, Criteria, and Components for Evaluation of Alternatives ..................... 4-5 
4-3 Aggregated Indicators for Institutional Strengthening and Monitoring ......... 4-6 
4-4 Criteria Rank and Weights ..................................................................................... 4-8 
5-1 Population Projections 2000-2025 .......................................................................... 5-4 
5-2 Total Population for the Municipalities of Tijuana and Playas de 

Rosarito...................................................................................................................... 5-5 
5-3 Tijuana and Playas de Rosarito: Growth Rates 1990-2040 ................................. 5-5 
5-4 Population of the Study Area per Year of Projection.......................................... 5-7 
5-5 Projection of the Regional Gross Product of Tijuana and Playas de 

Rosarito, 1993-2020 Projections............................................................................ 5-10 
5-6 Gross Domestic Product of Tijuana by Great Division 1993 to 2020 .............. 5-12 
5-7 Gross Domestic Product of the Manufacturing Industry of Tijuana by  
 Division, 1993-2020 – Thousand of Pesos at 1993 Prices .................................. 5-12 
6-1 Historical Consumption per Customer Type (1996-2001).................................. 6-1 
6-2 Residential Consumption in 2001 .......................................................................... 6-2 
6-3 Water Losses in the Playas de Tijuana District .................................................... 6-3 
6-4 Unaccounted-for-Water for the 1996-2001 Period............................................... 6-4 
6-5 Water Supply per User Type (2001) ...................................................................... 6-5 
6-6 Projected Physical and Commercial Water Losses.............................................. 6-5 
6-7 Water Demand Projections ..................................................................................... 6-6 
6-8 Water Supply Projections........................................................................................ 6-7 
6-9 Population Projection .............................................................................................. 6-8 
6-10 Projections for Commercial, Industrial and Government Customers.............. 6-9 
6-11 Water Demand Projections by User Type for Tijuana, Playas de 

Rosarito and Coastal Communities (l/s) ............................................................ 6-10 
6-12 Projected Demand and Capacity of Existing Sources ....................................... 6-13 
6-13 Water Demand Projections and Treatment Capacity ....................................... 6-15 
6-14 Wastewater Flow Measurements - 2001 ............................................................. 6-16 
6-15 Wastewater Generation Projections (2001-2023) ............................................... 6-18 
6-16 Treatment Capacity of Existing and Proposed Plants ...................................... 6-19 
6-17 Wastewater Flow Projections and Treatment Capacity.................................... 6-19 
6-18 Large Storage Capacity Tanks (1,000 to 30,000 m3) ........................................... 6-23 
6-19 Population Distribution per Storage Tank (Pressure Zones) - 2001................ 6-25 
6-20 Water Demand per Storage Tank (Pressure Zones).......................................... 6-28 
6-21 Sub-basin within the Study Area ........................................................................ 6-34 
6-22 Population per Sub-basin...................................................................................... 6-34 
6-23 Wastewater Generation Distribution by Sub-basin .......................................... 6-37 
6-24 General Methodology for Leak Control.............................................................. 6-42 
7-1 Options for Potential Water Sources..................................................................... 7-5 



Table of Contents 
Continued 

A xiv 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

7-2 Options for Identified Additional Water Sources............................................. 7-13 
7-3 Water Quality Permissible Limits Established by NOM-127-SSA1-1994 ...... 7-14 
7-4 Water Treatment Established by NOM-147-SSA1-1994................................... 7-15 
7-5 Colorado River Water Quality (Monthly Averages for 2001) ......................... 7-17 
7-6 Groundwater Quality (Monthly Averages for 2001)........................................ 7-19 
7-7 Goals for Potable Water Quality Recommended for Certain Parameters ..... 7-21 
7-8 Prioritized Water Plant Options .......................................................................... 7-25 
8-1 Existing Wastewater Treatments Plants ............................................................... 8-3 
8-2 Capacity and Year in which the Japanese Credit Plants will Start 

Operations ................................................................................................................ 8-3 
8-3 Summary of Wastewater Projections and Capacity Available  
 for Wastewater ......................................................................................................... 8-4 
8-4 Maximum Permissible Limits for Basic Contaminants ...................................... 8-6 
8-5 Recommended Limits for Wastewater Effluent Discharge................................ 8-8 
8-6 Available Wastewater Treatment Options ......................................................... 8-11 
9-1 Comparison of Water Alternatives........................................................................ 9-5 
9-2 Prioritization of Water Alternatives .................................................................... 9-10 
9-3 Comparison of Wastewater Alternatives............................................................ 9-13 
10-1 Proposed Storage Improvements for Non-Developed Areas........................ 10-23 
10-2 Alternatives BB, BC, BD, BE - Proposed Transmission Lines ........................ 10-23 
10-3 Alternatives BB, BC, BD, BE - Proposed Pumping Stations........................... 10-25 
10-4 Alternatives FB, FC - Proposed Transmission Lines....................................... 10-25 
10-5 Alternatives FB, FC - Proposed Pumping Stations.......................................... 10-26 
10-6 Alternative FD - Proposed Transmission Lines............................................... 10-28 
10-7 Alternative FD - Proposed Pumping Stations.................................................. 10-28 
10-8 Alternative FE - Proposed Transmission Lines................................................ 10-30 
10-9 Alternative FE - Proposed Pumping Stations .................................................. 10-31 
10-10 Alternatives GB, GC - Proposed Transmission Lines ..................................... 10-33 
10-11 Alternatives GB, GC - Proposed Pumping Stations........................................ 10-35 
10-12 Alternative GD - Proposed Transmission Lines .............................................. 10-36 
10-13 Alternative GD - Proposed Pumping Stations................................................. 10-36 
10-14 Alternative GE - Proposed Transmission Lines............................................... 10-38 
10-15 Alternative GE - Proposed Pumping Stations ................................................. 10-49 
11-1 Design and Evaluation Criteria for the Wastewater Collection System ........ 11-3 
11-2 Flows measured in pumping stations (in l/s; year 2001)................................. 11-5 
11-3 Flow comparison in measuring points for calibration (in l/s) ........................ 11-6 
11-4 Flow comparison in measurement points after calibration of  
 the model (in l/s) ................................................................................................... 11-6 
11-5 Diameter and length of modeled pipeline.......................................................... 11-8 
11-6 WWTP Capacity for each Alternative ............................................................... 11-11 
11-7 Proposed Infrastructure for Wastewater Pumping Stations  
 (Alternatives BB, FB, GB) .................................................................................... 11-15 



Table of Contents 
Continued 

A xv 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

11-8 Proposed Infrastructure for Wastewater Pumping Stations 
 (Alternatives BC, FC, GC) ................................................................................... 11-18 
11-9 Proposed Infrastructure for Wastewater Pump Stations 
 (Alternatives BD, FD, GD) .................................................................................. 11-21 
11-10 Proposed Infrastructure for Wastewater Pump Stations 
 (Alternative BE, FE, GE)...................................................................................... 11-24 
11-11 Length of pipelines to be rehabilitated according to each Alternative......... 11-25 
12-1 Prioritized Water and Sanitation Alternatives................................................... 12-1 
12-2 Integrated Alternatives ......................................................................................... 12-2 
12-3 Potable Water Projects for Alternative B-B......................................................... 12-4 
12-4 Sanitation Projects for Alternative B-B................................................................ 12-5 
12-5 Main Wastewater and Effluent Conveyance Pipeline Projects for  
 Alternative B-B ....................................................................................................... 12-6 
12-6 Sanitation Projects for Alternative B-C ............................................................... 12-9 
12-7 Main Wastewater and Effluent Conveyance Pipleine Projects for 
 Alternative B-C....................................................................................................... 12-9 
12-8 Sanitation Projects for Alternative B-D ............................................................. 12-10 
12-9 Main Wastewater and Effluent Conveyance Pipeline Projects for 
 Alternative B-D .................................................................................................... 12-12 
12-10 Sanitation Projects for Alternative B-E.............................................................. 12-13 
12-11 Main Wastewater and Effluent Conveyance Pipeline Projects for 
 Alternative B-E ..................................................................................................... 12-15 
12-12 Potable Water Projects for Alternative F-B ...................................................... 12-18 
12-13 Infrastructure for the Pipelines of Effluent for Indirect Potable Reuse  
 Under Alternative F-B ......................................................................................... 12-19 
12-14 Potable Water Projects for Alternative F-D ...................................................... 12-21 
12-15 Infrastructure for the Pipelines of Effluent for Indirect Potable Reuse  
 Under Alternative F-E ......................................................................................... 12-23 
12-16 Potable Water Projects for Alternative F-E....................................................... 12-24 
12-17 Infrastructure for the Pipelines of Effluent for Indirect Potable Reuse  
 Under Alternative F-E ......................................................................................... 12-26 
12-18 Potable Water Projects for Alternative G-B...................................................... 12-27 
12-19 Infrastructure for the Pipelines of Effluent for Indirect Potable Reuse  

 Under Alternative G-B ........................................................................................ 12-29 
12-20 Potable Water Projects for Alternative G-D ..................................................... 12-32 
12-21 Infrastructure for the Pipelines of Effluent for Indirect Potable Reuse 

Under Alternative F-B ......................................................................................... 12-34 
12-22 Potable Water Projects for Alternative G-E ..................................................... 12-35 
12-23 Infrastructure for the Pipelines of Effluent for Indirect Potable Reuse 

Under Alternative G-E ........................................................................................ 12-37 
12-24 Objectives, Criterion and Indicators for the Evaluation of Alternatives...... 12-39 
12-25  Criteria for Evaluation of Alternatives.............................................................. 12-40 



Table of Contents 
Continued 

A xvi 
 
P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\Full English\2nd Draft\EPA TOC.doc 
 

12-26 Cost Summary for Alternative B-B.................................................................... 12-41 
12-27 Cost Summary for Alternative B-C.................................................................... 12-42 
12-28 Cost Summary for Alternative B-D ................................................................... 12-43 
12-29 Cost Summary for Alternative B-E.................................................................... 12-45 
12-30 Cost Summary for Alternative F-B .................................................................... 12-46 
12-31 Cost Summary for Alternative F-C.................................................................... 12-47 
12-32 Cost Summary for Alternative F-D ................................................................... 12-48 
12-33 Cost Summary for Alternative F-E .................................................................... 12-49 
12-34 Cost Summary for Alternative G-B ................................................................... 12-50 
12-35 Cost Summary for Alternative G-C................................................................... 12-51 
12-36 Cost Summary for Alternative G-D................................................................... 12-52 
12-37 Cost Summary for Alternative G-E ................................................................... 12-54 
12-38 Summary of the Capital Investment Costs Estimates  
 of the Alternatives (Millions of Dollars) .......................................................... 12-55 
12-39 Summary of Annual Operation and Maintenance Cost Estimates  
 of the Alternatives (Millions of Dollars) ........................................................... 12-56 
12-40 Summary of Estimates of Total Annualized Costs of Each  
 Alternative (Millions of Dollars) ........................................................................ 12-57 
12-41 Alternatives FE and FB with Public Law Implementation ............................ 12-76 
12-42 Alternatives GE with Public Law Implementation ......................................... 12-77 
12-43 Cost Comparison for Effluent Disposal Options in Mexico (Tunnel vs 
 Pumping. Both Options Could Include an Ocean Outfall in Mexico).......... 12-79 

 



A  10-1 

P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\SECCION 10\ENGLISH\SPIN EN Sec10.doc 

Section 10 
Potable Water System Analysis 
 
The purpose of this section is to present the results of the hydraulic analysis of the 
water system and its ability to meet current and projected water demands through the 
year 2023.  This section is divided into three main sections; the first portion of this 
section presents the development and calibration of the hydraulic model of the water 
system.  The second portion discusses the ability of the existing water system to meet 
current and projected demands; in this section, water system improvements are 
identified for each of the main segments in the existing transmission system. The third 
and last portion of this section presents the results of the hydraulic evaluation of the 
different water system alternatives that were evaluated as part of this study.  

10.1 Model Development and Calibration 
10.1.1 Model Development 
Prior to the beginning of this master plan, CESPT had acquired Cybernet, a hydraulic 
modeling software, and began developing a model of the system.  The early model 
included the most of the main transmission pipelines in the system.  The alignment of 
these pipelines was roughly digitized and some of the hydraulic parameters 
identified.   

CDM evaluated a number of computer models available in the market prior to 
selecting the recommended model.  The evaluation was based on the models ability to 
model a number of static and dynamic conditions, integration with GIS platforms, 
and the initial and maintenance cost to operate the models. CDM recommended 
H2OMap Water for the development of the water system hydraulic model.  Similar 
recommendation was made on the wastewater side where H2OMap Sewer was 
recommended. 

As part of the model development, water system facilities were classified into three 
different levels. They are as follows: 

� Level 1 facilities correspond to the main transmission facilities (aqueducts) 
(generally larger than 20 inches in diameter), main pump stations, and larger 
reservoirs (generally those with a capacity greater than 5,000 cubic meters).  

�  Level 2 facilities include main transmission lines between the main aqueducts and 
secondary reservoirs (those with a storage capacity less than 5,000 cubic meters), 
between reservoirs and smaller pump stations. 

�  Level 3 facilities correspond to all distribution pipelines and remaining facilities in 
the water system. 

The model developed for this master plan includes all Level 1 and some of Level 2 
facilities.  The model contains approximately 370 pipelines, 350 nodes, 21 reservoirs, 
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and 3 pump stations.  The type of data required for each the model elements includes 
the following: 

� Pipelines: length, diameter, material of construction, and year of construction 

�  Nodes: ground surface elevation and water demands 

�  Reservoirs: ground surface elevation, year of construction and capacity 

�  Pumps: horsepower (no pump curves were available) 

�  Water treatment plants: water surface elevation 

As part of developing the hydraulic model, it is important to note the following 
issues: 

�  Pipeline alignments were identified by digitizing over the water system facilities 
maps provided by CESPT.   

�  Pipeline lengths were calculated automatically by the model since the base maps 
were to scale. 

�  Pipeline diameters were based on those depicted on the water system facilities 
maps. 

�  Node elevations were determined using the water and wastewater base maps.   

� In the large majority of cases, node elevations were identified by direct 
interpolation between two or three known points. However, there were some 
instances where the known points were too distant to interpolate and elevations 
had to be approximated.  Yet, in some other cases, where no information was 
available on terrain elevation, node elevations were assumed.  Node elevations 
that were approximated or just assumed had been noted in the model. 

� Reservoir elevations obtained from the Catastro database were assumed to be 
ground surface elevations.  In most cases, it was assumed that the maximum 
water surface elevations were 3 mts (10 ft ) higher than the ground surface 
elevation unless specific information about individual reservoirs was available. 

�  In the absence of pump curves for the individual pump stations, a 65 percent 
efficient was assumed. 

10.1.2 Model Calibration 
The calibration of a hydraulic model is an important step to make sure that field 
conditions are properly represented by the model.  To assess field conditions, a series 
of pressure reading charts and flow meters were installed at specific locations in the 
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system and information was obtained over a two day period (August 8th and 9th, 
2002).  Because of the limited number of daily pressure recording charts, the Florido-
Otay-Aeropuerto system was monitored during the first day while monitoring of the 
Florido-Aguaje-Playas was conducted on the second day.  Weekly pressure recording 
charts were installed along the Rodriguez-Morelos aqueduct.  The location of the 
pressure recording charts is depicted in Figure 10-1.   

Flow rates at known locations were also monitored to determine how much water 
was being conveyed in each aqueduct.  Pitot tubes were installed at the two main 
aqueducts just downstream of the El Florido treatment plant. Flow rates at existing 
meters were also recorded during this period.  Calibration was conducted over an 
eight hour period during which flow rates were manually recorded approximately 
every hour. Average deliveries from El Florido treatment plant were 3,714 lps on 
August 8th and 3,762 on August 9th.  Figure 10-1 also depicts the location of the flow 
monitoring points. 

The information collected in the field was compiled and processed for inclusion into 
the hydraulic model. The model was ran and adjustments were made to reflect field 
conditions.  The final results of the calibration process for each of the three aqueducts 
are  discussed below.  The calibration objective was to replicate field conditions 
within 10 psi. 

10.1.2.1 Aqueduct El Florido-Otay-Aeropuerto 
Four monitoring locations were evaluated along this aqueduct on Thursday, August 
8, 2002.  The results of the evaluation are as follows: 

�  Location No. 1 is located just downstream of the El Florido treatment plant over 
the existing 48 inch diameter pipeline.  Topographic information of this remote 
area is not available and the elevation of the monitoring point could not be 
assessed.  Pressures recorded ranged from 45 to 50 psi indicating that the 
topographic elevation of this site is approximately 210 meters.   

�  Location No. 7 is located along the Guaycura pipeline off the Cerro Colorado-Otay 
aqueduct at an elevation of 185 meters.  Pressures recorded at this site were 
constant over the entire day at 90 psi.  The reason the pressures were constant is 
because of the close proximity of the Cerro Colorado reservoir.  Additional 
evaluation of this site is presented below under Location No. 8. 
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�  Location No. 8 is located within sight distance of Location No. 7 along the Ejido 
Matamoros pipeline and at the same elevation.  Pressures recorded at this location 
were a constant 20 psi lower than Location No. 7.  This is a puzzling situation for 
two reasons: 

o Pressures should be the same unless an unknown partially close valve is 
located between the Cerro Colorado-Otay aqueduct and the monitoring 
location that is responsible for the pressure differential. 

o Pressures recorded by both monitors do not make sense because a 70 psi 
pressure (49 mts) would result in a hydraulic gradient of approximately 234 
mts, which is higher than the water level at the Cerro Colorado reservoir.  
Hydraulically this situation can only occur if water is boosted from this 
reservoir to the Otay reservoir, which it does not happen.   A 90 psi reading 
(63 mts) at Location No. 7 would put the hydraulic gradient at 248 mts, which 
is higher than both the Cerro Colorado reservoir and the El Florido treatment 
plant.  Our conclusion is that both pressure recording devices were not 
functioning properly.  

o Modeling results indicate that pressures at both locations should be between 
55 and 58 psi. 

� Location No. 10 is located in the vicinity of the Garita de Otay colonia at an 
approximate elevation of 155 mts.  Pressures recorded at this site ranged from 60 
to 70 psi. Once again, this creates an illogical situation.  A 60 psi pressure (42 mts) 
would result in a hydraulic grade of approximately 197 meters, which is higher 
than the Otay reservoir.  The hydraulic grade in this area can only be higher if the 
international connection was open at that time.  CESPT records indicate that this 
connection was closed.  Modeling results indicate that pressures at this location 
should be approximately 48 to 51 psi. 

10.1.2.2 Aqueduct El Florido-Aguaje-Playas 
Five monitoring locations were evaluated along this aqueduct on Friday, August 9, 
2002.  The results of the evaluation are as follows: 

�  Location No. 16 is located in the vicinity of the connection to the Jardines de La 
Mesa reservoir over the main aqueduct at an elevation of approximately 164.50 
meters.  Field recorded pressures were at a constant 90 psi while modeling results 
indicate 92 psi. This pressure is considered within the calibration objective. 

�  Location between points 17 and 18 is located in the vicinity of the connection to 
the Camino Verde No. 3 reservoir at an elevation of approximately 189 meters.  
Field recorded pressures ranged between 49 and 55 psi while modeling results 
indicate 53 psi and close to the middle portion of the field range.  This pressure is 
considered within the calibration objective. 
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�  Location between Aguaje de La Tuna and point 22 is located downstream of the 
reservoir at an elevation of approximately 190 mts.  Field recorded pressures 
ranged between 110 and 115 psi while modeling results indicate only 47 psi.  The 
field recorded pressures of 110 psi do not make sense because they will result in a 
hydraulic grade much higher than the Aguaje de La Tuna.  The only way that this 
may make some sense is if the pressure recording chart was in feet since a 
pressure of 47 psi is equivalent to 108 ft.  This may be the same recording device 
used at Location No. 7 or 8 during the previous day. 

�  Location Fundadores 2 reservoir is located just south of the connection point to 
the Juarez reservoir at an elevation of approximately 205 mts.  Pressures recorded 
at this site ranged from 2 to 15 psi while modeling results indicate 11 psi. This 
pressure is considered within the calibration objective. 

� Location between 4½ and Miramar reservoir is located at an elevation of 
approximately 153.5 mts. Field recorded pressures oscillated between 70 and 80 
psi while modeling results indicate 76 psi. This pressure is considered within the 
calibration objective. 

10.1.2.3 Aqueduct A.L. Rodriguez to Morelos Reservoir 
Three monitoring locations were evaluated along this aqueduct on both days. The 
results of the evaluation are as follows: 

� Location No. 12 is located along the pipeline that conveys water from the El 
Florido – Aguaje aqueduct to the oscillation tower at the A.L. Rodriguez plant.  
According to the wastewater system maps, the elevation of this location is 
approximately 83.5 mts.  Field recorded pressures ranged between 20 and 25 psi 
(17.6 mts) at this location, which will put the hydraulic grade at approximately 101 
mts which is some 25 mts higher than the published elevation for the A.L. 
Rodriguez plant of 75 mts.  This location is considered not a good location to 
monitor because it is under the hydraulic influence of the perforated plates used 
to reduced pressure from the Florido-Aguaje aqueduct.  It should be noted 
however, that as a result of this analysis, the hydraulic elevation of the A.L. 
Rodriguez plant was revised to reflect the ground elevation in that vicinity.  

�  Location No. 13 is located in the Colonia Chapultepec California at an elevation of 
approximately 61.6 mts.  Field recorded pressures were approximately 25 psi since 
the ink smeared as a result of humidity.  Modeling results indicate a pressure of 23 
psi.  This pressure is considered well within the calibration objective. 

�  Location No. 13-A is located in the Colonia Marron at an approximate elevation of 
39 mts. Field recorded pressures ranged from 40 to 60 psi while modeling results 
indicate 39 psi at the low end of the range.  This pressure is considered within the 
calibration objective. 
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Overall, the Florido-Aguaje-Playas and the Rodriguez-Morelos aqueducts are 
considered calibrated.  However, additional information is required to assess the 
Florido-Otay-Aeropuerto aqueduct. 

10.2 Analysis of the Water System Facilities in the 
Currently Developed Areas 
As described in previous sections, the primary source of water for the existing service 
area is from the Colorado River through the El Florido water treatment plant.  In the 
future, this area will be supplied by a combination of this existing source and a new 
desalting plant to be located in Playas de Rosarito.  The alternatives considered to 
meet projected water demands for the year 2023 are presented in Section 9, while the 
evaluation process is discussed in Section 12.     

An evaluation of the water supply distribution system that identifies necessary 
improvements for current and future conditions must be done for each one of the 12 
alternatives presented in Section 9. 

It is important to bring forward the results of the modeling exercise, which discusses 
in detail the simulation and results for Alternative FE, the preferred alternative, in 
Section 12. This section also presents the modeling results for the rest of the 
alternatives. 

Under Alternative FE, the desalination plant will become a significant supply source 
to the current service area.  It is anticipated that once this facility becomes operational 
and some conveyance lines are constructed, part of the water from this supply source 
will be conveyed to the Playas II and Panamericano tanks.  The delivery rates from 
the desalination plant will increase as the urban area continues to expand and the 
current flows from El Florido treatment plant are used elsewhere in the system. 

Ultimately, deliveries of desalted water to the Playas 2 reservoir will serve the Playas 
2, Miramar, 4½, Herrera, and portions of the Morelos services areas.  Similarly, 
deliveries of desalted water to the Panamericano reservoir will be conveyed by 
gravity to the Aguaje de La Tuna reservoir and served the Mexico-Juarez, Ferias, 
Fundadores 1 and 2, Tejamen, Aguaje de La Tuna, Rubi-Sarh, and Obrera 3ra Section.  
Since the areas served by desalted water represent a significant portion of the current 
system it is important to bring forward the preferred alternative in this section.  The 
analysis of the existing system and the recommended improvements are therefore 
based on bringing significant amounts of desalted water to the westerly portion of the 
currently developed service area. 

The sizing of the facilities is based on the sizing criteria presented to and approved by 
CESPT for maximum velocities, minimum pressures, and maximum head losses in 
the system under maximum day demand conditions.  The analysis of the system is 
presented one segment at a time.  For each segment, the current and projected sources 
of water are described as well as the immediate and long-term deficiencies identified.  
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Improvements are recommended for each segment.  The analysis is presented from 
the terminus delivery points back to the supply sources. 

As indicated earlier, the El Florido water treatment plant comprises the main source 
of water to the currently developed area.  Sources from this plant are conveyed to the 
service area through two main aqueducts; namely, the Florido-Aguaje and the 
Florido-Otay aqueducts.  A third smaller aqueduct is currently being developed to 
serve the Fiadert area.  These three aqueducts work independently of each other and 
represent the initial system subdivision.  For each of these aqueducts, the analysis of 
the existing system is presented from the most distant delivery points backwards to El 
Florido treatment plant.  Each of these aqueducts is further subdivided into main 
segments and these segments into smaller segments to provide a more clear depiction 
of current conditions in the different portions of the system and how they will be 
impacted as the area continues to developed and new supply sources become 
available. The analysis of each of the main segments of the system addresses 
transmission, pumping, and storage facilities. 

10.2.1 Analysis of the El Florido – Aguaje de La Tuna Aqueduct 
This aqueduct currently serves all the developed areas on the southerly side of the 
Tijuana River including Zona Rio, Playas de Tijuana, and Playas de Rosarito.  To 
simplify the analysis of this large portion of the CESPT overall service area, this 
aqueduct is divided into three main segments as follows: 

� Aguaje de La Tuna to Playas de Tijuana including the Rubi-Sarh, Obrera, and 
Panamericano systems 

�  A.L. Rodriguez plant to Aguaje de La Tuna including the Sanchez Taboada 
system 

�  Zona Rio system including the Herrera and Playas de Rosarito system 

�  El Florido plant to the A.L. Rodriguez plant 

10.2.1.1 - Analysis of the Aguaje de La Tuna – Playas de Tijuana Section 
The large majority of this section of the aqueduct is supplied by gravity by the Aguaje 
de La Tuna reservoir. Water flows from this reservoir to the 4½ reservoir and 
subsequently to the Miramar, Lazaro Cardenas, Playas 2 and Playas 1 reservoirs.  A 
good portion of this system is also served by pump stations such as the case of the 
Rubi-Sarh and Panamericano systems.  To simplify the analysis, this section of the 
aqueduct is further subdivided into four smaller and distinct segments as follows:  

� 4½ reservoir to the Playas 1 reservoir 

�  Aguaje de La Tuna to the 4½ reservoir 

�  Aguaje de La Tuna to the Obrera reservoir 



Section 10 
Potable Water System Analysis 

 

A  10-9 

P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\SECCION 10\ENGLISH\SPIN EN Sec10.doc 

�  Panamericano reservoir system 

10.2.1.1.1 Analysis of the 4½ Reservoir to Playas 1 Reservoir Section 
This portion of the system is currently fed by gravity from the Aguaje de La Tuna 
reservoir.  Upon completion of the desalting facility in Rosarito and delivery 
pipelines, desalted water will be delivered to the Playas 2 reservoir.  From this 
reservoir, it will be pumped back towards the Miramar and 4½ reservoirs.  From this 
later reservoir, it will be fed by gravity to the Herrera reservoir.  The analysis of this 
segment is therefore further segregated into several segments as presented below. 

Playas 2 to Playas 1 Segment 
Water will be delivered by gravity from Playas 2 to Playas 1. The existing pipeline 
between these reservoirs (300 mm - 12”) is adequate to meet current demands; 
however, as the area continues to develop and demands increase, a parallel pipeline 
will be needed.  It is therefore recommended that by the year 2013 a parallel 300 mm 
(12”) diameter pipeline be constructed.  The estimated length of this pipeline is 2,000 
meters (6,500 ft). 

Miramar to Playas 2 Segment  
Currently water is delivered by gravity from the Miramar reservoir to the Playas 2 
reservoir.  Once the desalting facility is constructed, the reverse will occur.  It is 
anticipated that deliveries of desalted water to the Playas 2 reservoir would range 
from 370 lps initially to 510 lps by the year 2023. This will require the construction of a 
pump station at this reservoir and a new pipeline to convey the required flows to the 
Lazaro Cardenas 2 reservoir.  The existing pipeline (350 mm to 380 mm – 14 to 15” in 
diameter) does not have enough capacity to convey the initial deliveries.  It is 
therefore recommended that a parallel 610 mm (24”) in diameter be constructed. The 
estimated length of this pipeline is 800 meters (2,500 ft). 

At the existing Lazaro Cardenas 2 reservoir is recommended that the existing and 
proposed pipelines be isolated from the reservoir.  The reservoir should be considered 
as a delivery point fed by the main line between the Miramar and Playas 2 reservoirs.  
There are two reasons for this recommendation; first, it will eliminate the need for a 
pump station at this site to supply the Miramar reservoir.  Second and more 
important, the elevation of this reservoir (Cardenas) is not high enough to provide 
adequate pressures along the pipeline that currently supplies the Playas 2 reservoir. 
This recommendation should be implemented even before the desalination plant 
becomes operational since the operational heads along that segment are fairly low. 

The recommended pump station at the Playas 2 reservoir should be constructed in 
parallel with the desalting facilities and should consist of a 400 Hp pump station 
capable of providing 510 lps (8,100 gpm) at an estimated discharge head of 35 mts 
(115 ft).  A 70 percent efficiency has been assumed for all proposed pump stations. 
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4½ to Miramar Segment 
Under current operating conditions, the 4½ reservoir feeds by gravity the Miramar 
reservoir.  The existing 760 mm (30”) diameter pipeline between these reservoirs is 
adequate to meet current maximum day demands conditions.  Upon completion of 
the desalination facility in Rosarito, this pipeline will be used in the opposite way 
conveying desalted water into the 4½ reservoir.  It is anticipated that deliveries of 
desalted water would range from 306 lps initially to 341 lps by the year 2023. This will 
require the construction of a 100 Hp pump station at the Miramar reservoir capable of 
conveying the maximum flows at an estimated operating head of 12 meters (39 ft).  
The existing pipeline between these reservoirs is adequately sized to convey ultimate 
flows. 

4½ to Herrera Segment 
The anticipated supplies from the desalting facility in Rosarito would exceed the 
estimated demands for the service areas of the Playas 2, Miramar, and 4½ reservoirs. 
Excess supply capacity for ultimate conditions, estimated at 183 lps (2,900 gpm), 
could be used to supply a portion of the demand between the 4½ reservoir and the 
Aguaje de La Tuna reservoir or it could be delivered towards the Herrera and 
Morelos reservoirs.  In either case, pumping will be required at the 4½ reservoir. 

While the 4½ reservoir (elevation 208 mts) is located at a significantly higher elevation 
than the Herrera reservoir (elevation 141 mts), the pipeline that connects them, a 510 
mm (20”) diameter pipeline, runs along a relatively high ground that results in 
minimum operating pressures along the first half of this section.  The low operating 
head along this section of the pipeline severely limits the conveyance capacity of this 
facility.  By pumping at the 4½ reservoir to an elevation of approximately 224 mts (735 
ft), the operating pressures along the first half of the Herrera pipeline will increase to 
25 to 40 psi.  Conversely, the second half of the pipeline currently experiences 
significantly high pressures that can be regulated by installing a pressure reducing 
station at the existing 4’ reservoirs (No. 31711 and 31712). 

The pump station at the 4½ reservoir should consist of a 60 Hp pump station capable 
of pumping 183 lps (2,900 gpm) at an operating head of approximately 16 mts (52 ft). 

It should be noted that under the proposed supply configuration, the Herrera 
reservoir will not longer be used to convey water to Rosarito since the desalination 
facility will provide the necessary supply for that community.  The Herrera reservoir 
would be used to meet daily operating requirements for its service area and a portion 
of the Zona Rio through the Morelos reservoir. 

Storage Analysis for the Area Downstream of the 4½ Reservoir 
The maximum day demand for the year 2023 for the area downstream of the 4½ 
reservoir, comprised by the Playas, Miramar, and 4½ reservoir service areas, is 
estimated at 483 lps (7,650 gpm).  The recommended storage capacity for this area is 
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estimated at 13,900 m3.  The current storage capacity in this area is estimated at 12,900 
cubic meters segregated as follows: 

Component Capacity (m3) 
Playas 1: 2,700 
Playas 2: 5,000 

Lázaro Cárdenas 2,200 
Miramar 1,000 
Mirador 1,000 

4½ 1,000 
 
While the storage shortage for this area is only 1,000 cubic meters, it is recommended 
that additional storage be provided since some of these reservoirs may not be fully 
operational.  The recommended storage, 5,000 cubic meters, should be located in the 
vicinity of the 4½ reservoir and at the same elevation. 

Storage Analysis for the Herrera Reservoir  
The maximum day demand for the year 2023 for the Herrera service area is estimated 
at 102 lps (1,600 gpm) resulting in a storage requirement of 2,940 cubic meters.  The 
current storage capacity of the Herrera reservoir (5,000 cubic meters) is sufficient to 
meet the year 2023 requirements. 

10.2.1.1.2 Analysis of the Aguaje de La Tuna to the 4½ Reservoir Section 
This portion of the system consists of a 1,220 mm (48 inches) in diameter pipeline that 
feeds by gravity the following systems: Mexico-Juarez, Fundadores 1 and 2, Ferias, 
Tejamen and Aguaje de La Tuna 1 and 2 and other smaller systems.  In addition, this 
pipeline conveys the flows to the 4½ reservoir and the areas downstream of this 
reservoir.  Upon completion of the desalting facility in Rosarito and delivery 
pipelines, desalted water will be delivered to the Aguaje de La Tuna reservoir 
through the Panamericano system.  A change in the supply source will not represent a 
change in operations of the water transmission and distribution facilities for this 
section. 

The analysis of the system under maximum day demand indicates that the existing 
facilities are capable of supplying the estimated demands for the above listed systems; 
however, operating pressures are very high, exceeding 150 psi, along the aqueduct 
between the connection to the Rubi-Sarh reservoir and just before the Fundadores 1 
connection. The high pressures along the main pipeline are not a problem as long as 
the pressure is reduced when connecting to the smaller sub-systems.  Direct services 
off this line are not recommended because it will result in significant leaks in the 
system. 

Conversely, there is a point in between the Fundadores 2 and Mexico-Juarez 
connection where the pressure is very low (less than 5 psi). This point, located along 
Fundadores Blvd., is located at a relatively high elevation (218.6 mts), which results in 
low operating pressures since the hydraulic gradient of the Aguaje de La Tuna 
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reservoir is just slightly above this elevation.  The installation of an air-vacuum 
release valve should be implemented at this location if one does not exist now. 

Upon completion of the desalting facility and delivery of potable water to the Playas 2 
reservoir, this section of the aqueduct will not longer convey the flows to the 4½ and 
downstream areas and consequently will carry much reduced flows. No other 
improvements are proposed for this section of the aqueduct. 

10.2.1.1.3 Analysis of the Aguaje de La Tuna to the Obrera Reservoir Section 
This portion of the system serves the Libramiento Oriente, Rubi-Sarh, and the Obrera 
3ra Seccion service areas.  Under current conditions, water flows by gravity from the 
Aguaje de La Tuna to the Libramiento Oriente reservoir.  From this point, water is 
pumped to the Rubi-Sarh reservoir from which the Obrera 3ra Seccion system is fed 
by gravity.  Upon development of the desalting facilities there will be no change on 
the operations of this system only the supply source will change.  The current 
maximum day demand for this system is estimated at 373 lps (5,900 gpm); this 
demand is anticipated to increase to an estimated 516 lps (8,200 gpm) by the year 
2023. 

Rubi-Sarh to Obrera 3ra Seccion Segment 
Existing transmission facilities in this segment range from 406 mm (16 inches) to 760 
mm (30 inches) in diameter. The current maximum day demand for the Obrera 3ra 
Seccion system is estimated at 145 lps (2,300 gpm); this demand is anticipated to 
increase to 249 lps (3,900 gpm) by the year 2023. The existing transmission facilities 
are capable of transmitting current and anticipated maximum demands. No 
improvements are recommended. 

Libramiento Oriente to Rubi-Sarh Segment 
Existing transmission facilities in this segment consist of a 610 mm (24 inches) in 
diameter pipeline.  Water is pumped from the Libramiento Oriento reservoir to the 
Rubi-Sarh reservoir through the Obrera pump station.  This pump station consists of 
three identical 400 Hp units.  Normally, only two of the units operate at any given 
time with the 3rd unit used for backup purposes.  Assuming a 65 percent hydraulic 
efficiency, the existing Obrera pumping station is capable of conveying current and 
projected (2023) maximum day flows to the Rubi-Sarh reservoir.  No improvements 
are recommended for this segment. 

Aguaje de La Tuna - 4½ Reservoir Aqueduct to Libramiento Oriente 
Segment 
Existing transmission facilities along this segment range in diameter from 910 mm (36 
inches) to 1,067 mm (42 inches).  The facilities are properly sized to convey current 
and projected maximum day demand flows.  No improvements are recommended for 
this segment. 
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Storage Analysis for the Libramiento de Oriente to Obrera Section 
Based on the current maximum day demand (373 lps) for this portion of the system, 
the storage requirements are estimated at 10,750 cubic meters. Projected maximum 
day demands for the year 2023 of 516 lps will increase the storage requirement to 
14,875 cubic meters. The current storage capacity in this area is estimated at 13,500 
cubic meters segregated as follows: 

 Component Capacity (m3) 
Obrera 3ra Sección 5,000 
Jardines del Rubí 1,000 
Rubí – Sarh 5,000 
Tanque No. 6 1,500 
Libramiento Oriente 1,000 

 
No additional storage is recommended for this portion of the system. The local 
storage has enough capacity to meet current requirements while the Aguaje de La 
Tuna provides the additional capacity for the projected 2023 requirements. 

Storage Analysis for the Aguaje de La Tuna System 
The current maximum day demand for the area downstream of the Aguaje de La 
Tuna, which includes the 4½ system and the Rubi-Sarh system, is estimated at 1,095 
lps (17,400 gpm).  Maximum day demand is projected to increase to an estimated 
1,752 lps (27,800 gpm).  The storage requirement for this area is estimated at 31,500 
cubic meters for current conditions and 50,500 cubic meters for 2023 conditions.   

The current storage capacity exceeds the current and projected requirements and it is 
comprised by the following storage facilities: 

Component Capacity (m3) 
Aguaje de La Tuna 30,000 
4-½ –  Playas 12,900 
Libramiento Oriente 13,500 

 
While the existing storage facilities exceed the current and projected requirements for 
this entire system; a 5,000 cubic meter reservoir is recommended at the 4½ reservoir 
site to enhance the operations of that sub-system. 

10.2.1.1.4 Analysis of the Panamericano Section 
This portion of the system serves the service areas of the Panamericano, Tecolote, and 
Alfa Panamericano reservoirs.  Under current conditions, water is pumped from the 
Aguaje de La Tuna reservoir to the Panamericano reservoir by the Tecolote pump 
station through an existing 400 mm (16 inches) diameter pipeline. The other two 
reservoirs are fed by gravity off the Panamericano reservoir.   

As indicated earlier in this section, the Panamericano reservoir will be one of two 
delivery points for desalted water produced by the Rosarito desalination plant.  
Under the recommended alternative (Alternative FE), desalted water will be pumped 
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from the desalter to the Panamericano reservoir and then it will be conveyed by 
gravity into the Aguaje de la Tuna reservoir. This will reverse the current mode of 
operation. 

Current maximum day demand for the Panamericano system is estimated at 70 lps 
(1,100 gpm). This demand is anticipated to increase to 139 lps (2,200 gpm) by the year 
2023.  Assuming a 65 percent hydraulic efficiency, the existing Tecolote pumping 
station (400 Hp) is capable of conveying current maximum day flows to the 
Panamericano reservoir.  This station will not longer be needed once the desalted 
water becomes available. 

Ultimately, an estimated 667 lps (10,600 gpm) will be supplied by the Rosarito 
desalting plant to the Panamericano reservoir for further conveyance to the Aguaje de 
la Tuna reservoir.  The existing 400 mm line could convey initial flows, but it should 
be converted to a distribution line for that reach and an independent 610 mm (24 
inches) in diameter pipeline should be constructed. The estimated length of this 
pipeline is 2,650 meters (8,700 ft). 

10.2.1.2 Analysis of the Rodriguez Plant Connection to Aguaje de la Tuna 
Section 
The analysis of this segment comprises the aqueduct between these two points and 
the pumping system to the Sanchez Taboada reservoir.  Under the current 
configuration, this main aqueduct supplies all the areas downstream of the Aguaje de 
la Tuna reservoir including the Rubi-Sarh and Panamericano pumping systems. In 
addition, it supplies the Aguas Calientes,  Lomas Verdes (1, 2 and 3), Sanchez 
Taboada, Reforma, Villas de Baja California, Lomas de La Presa and a series of 
smaller systems off the main aqueduct.  The existing transmission facilities along this 
segment consist of a 1,370 mm (54 inches) diameter pipeline is capable of conveying 
the necessary flows to meet the current maximum day demand of its service area.  
The volume of water that this segment will carry in the future will be significantly 
reduced once desalted water becomes available at the Aguaje de la Tuna reservoir. 

With respect to the Sanchez Taboada system, it is supplied off the main aqueduct by 
the Sanchez Taboada pump station.  This station has three identical 200 Hp pumping 
units with two of them used to meet operational demands and the third for backup 
purposes.  This pump station has enough capacity to meet the current maximum day 
demand, estimated at 158 lps (2,500 gpm).  An additional 200 Hp pump will be 
required at this facility to convey the projected maximum demand for the year 2023 of 
198 lps (3,150 gpm).   The adequacy of the existing suction and discharge pipelines at 
this station should be assessed before adding a new pumping can.  The existing 
pipeline, a 410 mm (16 inches) diameter facility should be adequate to meet current 
and projected water demands in this area. 
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10.2.1.3 Analysis of the Zona Rio Section 
This system comprises the Alba Roja and Morelos reservoirs that serve the 
commercial and residential areas along the Tijuana River and it is also used to supply 
the Herrera and the majority of the Playas de Rosarito systems. Current maximum 
day demand for this entire system is estimated at 498 lps (7,900 gpm). Presently, this 
system is supplied by a combination of Colorado River water from the Florido-Aguaje 
aqueduct or local surface water treated at the Abelardo L. Rodriguez water treatment 
plant when available.  Water flows by gravity from this plant to the Alba Roja 
reservoir and from this point to the Morelos reservoir.  At this location, the Morelos 
pump station supplies the Herrera and Playas de Rosarito systems. The analysis of 
this pipeline is discussed here for each of the reaches between reservoirs. 

Analysis of the Morelos to Herrera Segment 
As indicated earlier, the Morelos pump station supplies the Herrera and Playas de 
Rosarito systems.  Current maximum day demand for these two systems is estimated 
at 242 lps (3,850 gpm) with approximately 50 lps supplied by local wells in the 
Rosarito area. The Morelos pump station consists of two 400 Hp pumping units; one 
of the units is used continuously while the others serves as a backup facility.  This 
pump station is adequately sized to meet current demands in that area.  The use of 
this pump station however will be significantly reduced upon development of the 
desalination facilities in Rosarito and ultimately may not be used at all since the 
Herrera system maybe supplied with desalted water through the 4½ reservoir as 
described earlier in this section. 

Analysis of the Alba Roja to Morelos Segment 
Transmission facilities in this segment range in diameter from 610 mm to 760 mm (24 
to 30 inches).  These facilities are adequately sized to meet current maximum day 
demands between these reservoirs and to convey required flows to supply the 
Morelos pump station.  Pressures along the majority of this segment are rather low 
(30 to 40 psi); this is due to the relative elevation of the Alba Roja and Morelos 
reservoirs with respect to ground surface elevation.  While there are alternatives to 
correct this situation, they may not be very practical to implement.  Potential 
alternatives to correct low pressures along this area include the following: 

� Abandon the existing Alba Roja and Morelos reservoirs and construct new 
reservoirs at higher elevations.  This will require pumping off the Rodriguez 
treatment plant. 

�  Pressurize the system at these two locations by constructing relatively large 
hydropneumatic stations 

�  Abandon the existing reservoirs and feed the system off the Aguaje de La Tuna to 
the 4½ aqueduct. 
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While water demand will increase in the Zona Rio by the year 2023, the existing 
transmission facilities will be adequate to meet projected maximum day demands 
since they will not longer convey the supplies to Rosarito and the Herrera systems.   

Analysis of the Rodriguez to Alba Roja Segment 
Transmission facilities in this segment consist of a 760 mm (30 inches) diameter 
pipeline.  These facilities are adequately sized to meet current maximum day 
demands between these reservoirs and to convey required flows to supply the areas 
downstream of the Alba Roja reservoir including the Morelos pump station.  Similar 
to the Alba Roja to Morelos segment, operating pressures along the majority of this 
segment are rather low (30 to 40 psi).  Once again, this is due to the relative elevation 
of the Rodriguez plant and the Alba Roja reservoir with respect to ground surface 
elevation.  Alternatives to correct this situation are the same proposed for the 
previous segment.  

Storage Requirements for the Rodriguez to Morelos System 
Current maximum day demand for the Herrera, Morelos and Alba Roja systems are 
estimated at 329 lps (5,200 gpm).  The recommended storage capacity for this area of 
9,500 cubic meters for current conditions is anticipated to increase to 11,700 cubic 
meters as the maximum day demand increases to 407 lps (6,500 gpm).  The current 
storage capacity of this system, estimated at 15,000 cubic meters, is adequate to meet 
current and projected requirements.  Storage facilities in this system include:  

  
Component Capacity (m3) 

Herrera 5,000 
Morelos 5,000 
Alba Roja 5,000 

 
10.2.1.4 Analysis of the El Florido to Rodriguez Plant Section 
Transmission facilities in this segment consist of a 1,370 mm (54 inches) in diameter 
pipeline and feed the Aguaje de La Tuna and Zona Rio systems.  The hydraulics of 
this segment are governed by operating water levels at the El Florido treatment plant 
and at the Aguaje de La Tuna reservoir.  The current maximum day demand for this 
entire system, estimated at 2,081 lps (33,000 gpm), is anticipated to increase to 3,350 
lps (53,000 gpm) by the year 2023.  Currently, the Florido plant provides the large 
majority of the supply system; however, the supply mix will change considerably 
once the desalination plant becomes operational. 

This 54-inch diameter pipeline is just about at its maximum capacity to convey the 
peak summer flows to the Aguaje de La Tuna reservoir and numerous delivery points 
along the way under present conditions.  Upon construction of the desalting facilities 
in Rosarito, the flows conveyed by this pipeline will be significantly reduced; thereby 
making Colorado River water available to new developments to the north and 
northeast of the el Florido treatment plant.  However, it should be noted that if the 
desalting facilities are postponed for a certain period of time and deliveries from the 
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emergency connection with the USA become available at the Otay system, additional 
flows from the El Florido plant may be available for the Aguaje de la Tuna and Zona 
Rio systems.  These flows may exceed the carrying capacity of this pipeline and may 
require the construction of a low head pump station to increase the hydraulic 
gradient.  This pump station is not recommended at this time, but it should be closely 
considered depending on the supply mix of sources over the next 5 to 10 years.  

10.2.2 Analysis of the Florido – Otay Aqueduct 
This aqueduct currently serves all the developed areas on the northerly side of the 
Tijuana River including the Airport, Otay, Cerro Colorado, Guaycura, Matamoros, 
and Aztecas systems.  To simplify the analysis of this large portion of the CESPT 
service area, this aqueduct is divided into three main segments as follows: 

� Otay reservoir to Airport reservoir 

�  Cerro Colorado reservoir to Otay reservoir  

�  El Florido plant to Cerro Colorado reservoir 

10.2.2.1 Analysis of the Otay Reservoir to Aeropuerto Reservoir Section 
The main transmission in this segment consist of a 910 mm (36 inches) in diameter 
pipeline that runs along the US border and feeds by gravity the Aeropuerto reservoir 
and through a pressure reducing station the Murua reservoir.  The line that serves the 
Aeropuerto reservoir consists of a 510 mm (20 inch) diameter pipeline.  The Murua 
system is fed by a 610 mm (24 inch) and a 760 mm (30 inch) pipelines that serve the 
University, Murua, Central Camionera, Planta X9 and other smaller subsystems.  The 
main line along the border also serves Ciudad Industrial, Garita, and other smaller 
subsystems.   

Under current conditions, this system is supplied by El Florido treatment plant 
through the Otay reservoir.  Presently, the maximum day demand is estimated at 572 
lps (9,100 gpm).  This demand is anticipated to increase to 708 lps (11,250 gpm) by the 
year 2023.  The current transmission facilities are adequately sized to meet current 
and projected maximum demands; therefore, no improvements are recommended. 

By 2003, the supply mix to this area is anticipated to change by the activation of the 
emergency connection with the US. As discussed in previous sections, this connection 
will provide supplemental water to the Tijuana system while new sources of supply 
are developed.  The ultimate development of desalting facilities will not impact this 
portion of this system since it will continue being fed by the El Florido plant.  Neither 
the use of the emergency connection with the US nor the implementation of the 
desalting facility in Playas de Rosarito would have a hydraulic effect on this system. 

From a storage perspective, the current and projected maximum demands will 
require a total storage of 16,500 and 20,400 cubic meters.  The current storage capacity 
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of this system, estimated at 30,000 cubic meters, is adequate to meet current and 
projected requirements.  Storage facilities in this system include:  

  
 Component Capacity (m3) 

Otay 20,000 
Murúa 5,000 
Aeropuerto 5,000 

 
10.2.2.2 Analysis of the Cerro Colorado to Otay Reservoir Section 
The transmission facilities between these reservoirs range in size from 910 mm to 
1,220 mm (36 to 48 inches) in diameter.  This system primarily feeds the Otay 
reservoir and the Guaycura, Matamoros, and Azteca sub-systems.  The Guaycura 
branch consists of a 410 mm to 510 mm pipeline that feeds the Ampliacion Guaycura 
reservoir.  The current maximum day demand for the Guaycura system of 405 lps 
(6,500 gpm) is anticipated to increase to 646 lps (10,250 gpm) by the year 2023 as the 
area continues to develop.  The existing pipeline is adequately sized to meet current 
demands; however, for future demands, the section of the pipeline between the Cerro 
Colorado aqueduct and the Buenos Aires system would approach maximum 
velocities.  However, it is anticipated that the system would have enough residual 
pressure to deliver anticipated maximum flows to the Ampliacion Guaycura reservoir 
and may not require replacement.   

The Matamoros sub-system is fed by a 610 mm (24 inches) pipeline that feed the Ejido 
Matamoros reservoir through the Matamoros pump station.  Maximum day demand 
for this subsystem is estimated to increase from the current 68 lps (1,100 gpm) to an 
estimated 168 lps (2,700 gpm) by the year 2023.  The existing pipeline has enough 
capacity to carry current and projected water demands.  The capacity of the pump 
station was not evaluated because of the lack of data. 

The Azteca system comprises the Azteca, Presidentes, Capistrano, Aguila, Zona Rio 
3ra Etapa and other smaller subsystems.  This system was modeled as a demand point 
off the Cerro Colorado aqueduct since it is considered a secondary system and most 
of the existing pipelines are small in diameter. Maximum day demand, currently 
estimated at 197 lps (3,100 gpm) is anticipated to increase to 290 lps (4,600 gpm) by 
the year 2023.  A cursory review of the existing pipelines indicates that they may be 
undersized to meet projected demands and new pipelines would be required.  It is 
recommended that CESPT develops a detailed model of this portion of the system to 
address the adequacy of existing facilities. 

From a storage perspective, the existing Cerro Colorado reservoir (20,000 cubic meter 
storage capacity) and other smaller reservoirs in the area provide enough storage 
capacity to meet current requirements estimated at 19,300 cubic meters.  However, 
additional storage capacity will be required to meet the 2023 requirements of 31,800 
cubic meters.  It is recommended that a 5,000 cubic meter reservoir be constructed in 
the Guaycura system. 
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10.2.2.3 Analysis of the El Florido Plant to Cerro Colorado Aqueduct 
The purpose of this aqueduct is to convey treated water from the El Florido plant to 
the Cerro Colorado reservoir.  Along the way, the aqueduct serves a handful of small 
subsystems.  This aqueduct, ranging in size between 1,220 mm and 1,370 mm (48 to 54 
inches), has enough capacity to convey current maximum day demands, estimated at 
1,450 lps (23,000 gpm), as well as projected maximum demands for the year 2023 
(2,250 lps or 35,700 gpm). No improvements are required. 

10.2.3 Analysis of the El Florido Plant to the Fiadert Reservoir 
Aqueduct 
This aqueduct consists of a 610 mm (24 inches) in diameter pipeline that conveys 
treated water from the plant to this new reservoir located at an elevation of 223 mts 
(730 ft). There is no topographic information along the pipeline route to determine 
operating pressures in the system.  Assuming that there are no high points in between 
the El Florido and the reservoir, the maximum capacity of this pipeline is estimated 
between 400 and 450 lps (6,300 to 7,100 gpm).  This capacity is adequate to meet the 
estimated maximum day demand of 267 lps (4,250 gpm) under current conditions; 
however, it will be undersized to convey the projected maximum day demand for the 
year 2023, which is estimated at 600 lps (9,500 gpm).    

Storage requirements for this system range from 7,700 cubic meters to 17,300 cubic 
meters for the year 2023.  Current storage capacity is limited to a 4,700 cubic meters 
reservoir. Three 5,000 cubic meter reservoirs are proposed for this area to serve future 
developments. 

10.2.4 Summary of Proposed Improvements for the Developed 
Area 
In general, the existing transmission, storage and pumping system is adequate to 
meet current maximum day demands.  Most of the transmission lines have capacity to 
accommodate additional flows with the exception of some portions of the El Florido 
to Aguaje de La Tuna aqueduct.  The analysis of the existing system and proposed 
facilities considered current conditions and the integration of the preferred alternative 
(FE).  This alternative includes the development of significant supply sources from 
desalted water and requires the construction of a fairly large desalination plant in 
Playas de Rosarito.   The integration of desalted water into the system will result in 
significant operational changes that will be required to make good use of this source.  
Figure 10-2 shows the proposed improvements in the area that is currently developed.   



5.25 km3.152.101.050

Recommended Infrastructure for Developed Areas (2002)
Figure 10-2

SCALE

Presa Abelardo L.
Rodríguez

PLAYAS II

TANQUE 4 1/2

OBRERA 3RA. SECC.

AGUAJE DE LA TUNA
CAP.= 30,000 M3
ELEV.= 218 MTS

PANAMERICANO

CAMINO VERDE NO. 3

SANCHEZ TABOADA

REFORMA

PLANTA POTABILIZADORA
L. RODRIGUEZ
CAP.= 750 lts/seg
ELEV.= 175 MTS

CONSTITUCION P/A

ALBA ROJA

MORELOS

AEROPUERTO

OTAY
CAP.= 20,000 M3
ELEV.= 191 MTS

CERRO COLORADO
CAP.= 20,000 M3

ELEV.= 223 MTS

PLANTA POTABILIZADORA
EL FLORIDO
ELEV.= 240 MTS

EL FLORIDO

AZTECAS P/B

EL LAGO

MURUA I

OTAY UNIVERSIDAD

CAMINO VERDE 2

PLAYAS I

MIRADOR

HERRERA

CD. JARDIN

JUAREZ II

FUNDADORES I

SARH

SARH

LIB OTE

CONSTITUCION

CONSTITUCION P/M

EJIDO MAZATLAN

LA GLORIA

ALFA PANAMERICANO

EL TECOLOTE

REFORMA P/A

LATINOS 1 Y 2

BRASILEÑOS
VENEZOLANOS
TRIGARANTE

LA PRESA
LOMAS DE 

VILLAS DE B. C.

VILLAS DE B. C.

VILLAS DE B. C.

VILLAS DE B. C.

EMILIANO ZAPATA

EMPERADORES

V FLORESTA P/B

V FLORESTA P/M

L VERDES P/A

L CONJUNTO P/M

L CONJUNTO P/A

GUANAJUATO

MONTEBELLO

CAMINO VERDE 1

C 8va. SECC.

CONSULADO

COLINAS DE A. C.

BRITANIA

VILLA FONTANA 3

VILLA DEL SOL 1

VILLA DEL SOL 2

PIPILA

PRESIDENTES P/A

CAPISTRANO P/AKINO

FOVISSTE 5ta. ETAPA 1 Y 23-B

DEL RIO P/B

CARDENAS 2

PORTICOS DE SAN ANTONIO

AMPLIACION GUAYCURA

GUAYCURA P/A

AZTECAS P/A

EJIDO MATAMOROS

M. MATAMOROS SUR
JARDINES DEL RUBI

LOMA BONITA
SALVATIERRA

NUEVA AURORA

PEDREGAL STA. JULIA

INDEPENDENCIA

LOS ALAMOS

LA PRESA

TANQUE 4 TANQUE 4 '

P-32

P-36
P-72

XA-4

P-44

CORETTE

P-5

P-14

P-17
P-70

XD

P-13
P-56

P-29

P-26

P-No.2

JARDINES MESA

ACUEDUCTO CARRIZO - FLORIDO

bombeo de 400 HP

L=
2000 m

Estación de Ø
12" 510 l/s @ 35 m TDH

800 m

Ø
24"

L=

bombeo de 100 HP
Estación de 

431 l/s @ 12 m TDH

MIRAMAR

bombeo de 60 HP
Estación de 

183 l/s @ 16 m TDH

bombeo de 200 HP
Estación de 

198 l/s @ 130 m TDH
(unidad adicional)

Cap.=5,000 m3
Tanque Guaycura

Cap.=5,000 m3
Tanque Fiardert I

Cap.=5,000 m3
Tanque Fiardert II

Cap.=5,000 m3
Tanque Fiardert III

Cap.=5,000 m3
Tanque 4 1/2

Current Urban Area

Future Urban Area 2023

Legend

Pressure Reducing Station

Repumping

Energy Dissipation Station

Hydropneumatic Equipment with T-r

Pumping Equipment with T-r

Regulatory Tank

Secondary Aqueducts

Main Aqueducts

Body of Water

Major Streams

Municipal Limit

Project Regulatory Tank
Project Pump Station

Touristic Corridor 2000

Well



Section 10 
Potable Water System Analysis 

 

A  10-21 

P:\Tijuana CESPT-20834\35069-Master Plan\7.0 Project Documents\7.2 Project Deliverables\Report 7-16\SECCION 10\ENGLISH\SPIN EN Sec10.doc 

The recommended transmission, pumping, and storage improvements are 
summarized below.  

Transmission Improvements 
� 2,000 mts (6,560 ft) of 300 mm (12”) diameter line between the Playas 1 and Playas 

2 reservoir 

�  800 mts (2,600 ft) of 610 mm (24”) diameter line to convey water from the Playas 2 
to the Lazaro Cardenas 2 reservoir 

�  2,650 mts (8,700 ft) of 610 mm (24”) diameter line to convey water from the 
Panamericano to the Aguaje de La Tuna reservoir 

Storage Improvements 
� 5,000 cubic meter storage reservoir at the existing 4½ reservoir site or similar 

elevation 

�  5,000 cubic meter storage reservoir in the Guaycura service area 

�  Three 5,000 cubic meter storage reservoir in the Fiadert System 

Pumping Improvements 
� 400 Hp new pump station to convey 510 lts (8,100 gpm) from the Playas 2 to the 

Miramar reservoir. Discharge head estimated at 35 mts (115 ft). 

�  100 Hp new pump station to convey 431 lts (6,800 gpm) from the Miramar to the 
4½ reservoir.  Discharge head estimated at 12 mts (39 ft). 

�  60 Hp new pump station to convey 183 lps (2,900 gpm) from the 4½  to the 
Herrera reservoir.  Discharge head estimated at 16 mts (52 ft). 

�  200 Hp additional pumping unit at the Sanchez Taboada station to increase its 
capacity to 198 lps (3,100 gpm).  Discharge head estimated at 130 mts (427 ft).  
Total horsepower required at station when developed would be 600 Hp. Existing 
piping at this station needs to be checked to assess whether existing station can 
handle additional flows. 

10.3 Evaluation of Proposed Water System for Areas to be 
Developed 
In general, the areas to be developed include the areas to the northeast of the exiting 
El Florido water treatment plant, the Valle Dorado, Rosarito, and the areas east of 
Rosarito towards the el Panamericano reservoir.  

A total of 12 alternatives that combined a number of supply sources and wastewater 
treatment plant locations have been presented in previous sections.  From a water 
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perspective, these alternatives can be reduced to seven main alternatives since many 
of them have the same water supply, treatment and transmission elements. 

Prior to developing alternatives, the topography of the area to be developed was 
evaluated to determine the most feasible locations for primary reservoirs.  Main 
reservoirs were identified at selected locations and their potential service areas 
outlined.  Reservoirs in some cases were identified every 100 or 150 mts (330 to 495 ft) 
of vertical separation.  While this vertical separation would result in very high 
pressures, the intent was to identify the main reservoirs and not concentrate on 
smaller ones.  Additional smaller reservoirs fed by the main reservoir should be 
constructed as these areas develop to address the specific conditions of a particular 
development or sub-area. 

Once the main reservoir sites were defined and the location of supply sources and 
treatment plants identified, pipeline alignments were drawn to joint the potential 
sources with delivery points (reservoirs).  It should be noted that the location and 
capacity of reservoirs is common to all alternatives; however, the alignment and 
length of proposed transmission facilities varies somewhat for each alternative since 
the supply sources are different.  Table 10-1 presents the proposed reservoirs, 
recommended elevations, storage capacity, estimated population served, and 
anticipated maximum day demand. 

The sizing of the pipelines between reservoirs and supply sources was based on the 
following criteria: 

� Maximum velocity of 5 m/sec (15 ft/sec) 

�  Maximum head loss of 3.5 meter /1,000 meters of pipeline length (3.5 ft/1,000 ft) 

�  Available energy to convey required flows between source and delivery points 

Pump stations were sized based on the estimated maximum delivery rates and the 
total dynamic head obtained from the model.  Pump stations were sized assuming a 
70 percent plant efficiency. 

10.3.1 Analysis of Alternative B-B (Same as B-C, B-D and B-E) 
This alternative has the same supply components as alternatives B-C, B-D, and B-E.  
Under these alternatives supplies from the Colorado River are kept constant at the 
present rate of supply (4,000 lps).  All of the additional demands are met by 
desalination of sea water (3,225 lps) and a small groundwater supply from the La 
Mission wells at 51 lps.  The existing El Florido treatment plant remains at its present 
capacity of 4,000 lps while the Rosarito desalination plant provides salt removal for 
the remaining supply.  Under this alternative, there is not groundwater production 
along the Tijuana and Alamar rivers nor there is indirect potable reuse of highly 
treated wastewater.  Deliveries of desalted water to the currently developed area are  
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estimated at 715 lps to the Playas 2 reservoir and 915 lps to the Aguaje de La Tuna 
reservoir through the Panamericano system. 

Table 10-1 
Proposed Storage Improvements for Non-Developed Areas 

Capacity Maximum Day 
Demand (2023)  Elevation 

m3 Gallons 
Population

lps gpm 
Area to the Northeast of the El Florido Treatment Plant  
Refugio 250 20,000 5,300,000 246,000 670 10,600 
Carrizo 1 300 11,000 2,900,000 133,000 264 4,200 
Carrizo 2 350 500 100,000 Industrial 12 200 
Carrizo 3 440 2,000 500,000 6,300 64 1,000 
Valle Dorado - Rosarito  
Valle Dorado 375 18,000 4,800,000 226,000 558 8,800 
Rosarito 6 325 2,000 500,000 21,000 56 900 
Rosarito 7 180 4,500 1,200,000 45,000 128 2,000 
Rosarito 8 325 8,000 2,100,000 130,000 257 4,100 
Area to the South of Playas de Rosarito  
Primo Tapia 190 2,000 500,000 12,000 48 800 
Mesa del Descanso 120 500 100,000 6,000 12 200 
Santa Anita 130 500 100,000 4,100 16 300 
Area to the North of Playas de Rosarito  
San Antonio de Los Buenos 200 6,500 1,700,000 70,000 188 3,000 

Total Additional Storage  75,500 20,000,000     
 
The proposed water treatment plants, transmission, storage and pumping facilities 
are depicted in Figure 10-3.  Pipeline improvements are summarized in Table 10-2 
while pump station improvements are listed in Table 10-3 at the end of this section. 

Table 10-2 
Alternatives BB, BC, BD, BE - Proposed Transmission 

Lines 
Diameter Length 

Mm Inches Meters Feet  
1,524 60 700 2,300 
1,371 54 - - 
1,219 48 3,650 12,000 
1,067 42 - - 
914 36 19,050 62,500 
762 30 19,850 65,100 
686 27 - - 
610 24 6,200 20,300 
508 20 3,600 11,800 
406 16 7,000 23,000 
305 12 16,800 55,100 

 Total 95,700 314,000 
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Table 10-3 

Alternatives BB, BC, BD, BE - Proposed Pumping Stations 

Flow Rate Pressure 
Horse Power @ 70% 

Efficiency Pumping Station From To 
lts gpm mts feet Needed Recommended 

El Refugio Planta El Florido Tanque El Refugio 1,010 16,009 20 66 379 400 
Carrizo 1 Tanque El Refugio Carrizo 1 340 5,389 60 197 383 400 
Carrizo 2 Carrizo 1 Carrizo 2 76 1,205 55 180 78 100 
Carrizo 3 Carrizo 2 Carrizo 3 64 1,014 95 312 114 125 
Desaladora - Playas II Desaladora Playas II 3,225 51,117 193 633 11,677 12,000 
Desaladora - Panamericano Linea Costera Panamericano 2,027 32,129 170 558 6,464 6,600 
San Antonio de Los Buenos Linea Costera Tanque San Antonio 188 2,980 20 66 71 100 
              Total Hp 19,725 

 
10.3.2 Analysis of Alternative F-B (Same as F-C) 
This alternative has the same supply components as alternative F-C.  Under these 
alternatives supplies from the Colorado River are kept constant at the present rate of 
supply (4,000 lps).  All of the additional demands are met by a combination of 
desalination of sea water (2,450 lps), local groundwater from the Tijuana and Alamar 
rivers treated at the new Alamar treatment plant (300 lps), indirect potable reuse (476 
lps), and local groundwater from the La Mission wells (51 lps). The existing El Florido 
treatment plant remains at its present capacity of 4,000 lps; the existing A.L. 
Rodriguez plant is refurbished to produced 500 lps and a new plant (Rodriguez 2) is 
proposed to treat an additional 475 lps off the Rodriguez reservoir.  Deliveries of 
desalted water to the currently developed area are estimated at 415 lps to the Playas 2 
reservoir and 915 lps to the Aguaje de La Tuna reservoir through the Panamericano 
system. 

The proposed water treatment plants, transmission, storage and pumping facilities 
are depicted in Figure 10-4.  Pipeline improvements are presented in Table 10-4 while 
pump station improvements are listed in Table 10-5 at the end of this section. 

Table 10-4 
Alternatives FB, FC - Proposed Transmission Lines 

Diameter  Length  
mm Inches Meters  Feet  
1,524 60 - - 
1,371 54 700 2,300 
1,219 48 3,650 12,000 
1,067 42 - - 
914 36 8,150 26,700 
762 30 10,600 34,800 
686 27 11,700 38,400 
610 24 22,400 73,500 
508 20 3,600 11,800 
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Table 10-4 
Alternatives FB, FC - Proposed Transmission Lines 

Diameter  Length  
mm Inches Meters  Feet  
406 16 10,750 35,300 
305 12 16,800 55,100 

  Total 107,200 351,700 
 

Table 10-5 
Alternatives FB, FC - Proposed Pumping Stations 

Flow Rate Pressure 
Horse Power @ 70% 

Efficiency Pumping 
Station From To 

lts gpm mts feet Needed Recommended
El Refugio Planta El Florido Tanque El Refugio 1,010 16,009 20 66 379 400 
Carrizo 1 Tanque El Refugio Carrizo 1 340 5,389 60 197 383 400 
Carrizo 2 Carrizo 1 Carrizo 2 76 1,205 55 180 78 100 
Carrizo 3 Carrizo 2 Carrizo 3 64 1,014 95 312 114 125 
Planta 
Rodriguez 2 Planta Rodriguez 2 Panamericano 475 7,529 170 558 1,515 1,600 

Presa 
Rodriguez Presa Rodriguez Planta Rodriguez 2 475 7,529 60 197 535 600 

Desaladora - 
Playas II Desaladora Playas II 2,450 38,833 165 541 7,584 7,600 

Desaladora - 
Panamericano Linea Costera Panamericano 1,552 24,600 185 607 5,386 5,400 

San Antonio 
de Los Buenos Linea Costera Tanque San Antonio 188 2,980 20 66 71 100 

Planta Alamar Planta Alamar Tanque Otay 300 4,755 96 315 540 600 

              Total Hp 16,925 
 
10.3.3 Analysis of Alternative F-D 
This alternative is very similar to the previous alternative F-B.  The only difference 
between these alternatives is that the local groundwater production from the Tijuana 
and Alamar rivers is eliminated and replaced by additional desalination of sea water.  
Under this alternative, supplies from the Colorado River are kept constant at the 
present rate of supply (4,000 lps).  All of the additional demands are met by a 
combination of desalination of sea water (2,750 lps), indirect potable reuse (476 lps), 
and the La Mission wells (51 lps).  The existing El Florido treatment plant remains at 
its present capacity of 4,000 lps; the existing A.L. Rodriguez plant is refurbished to 
produced 500 lps and a new plant (Rodriguez 2) is proposed to treat an additional 475 
lps off the Rodriguez reservoir.  Deliveries of desalted water to the currently 
developed area are estimated at 816 lps to the Playas 2 reservoir and 817 lps to the 
Aguaje de La Tuna reservoir through the Panamericano system. 
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The proposed water treatment plants, transmission, storage and pumping facilities 
are depicted in Figure 10-5.  Pipeline improvements are presented in Table 10-6 while 
pump station improvements are listed in Table 10-7 at the end of this section. 

Table 10-6 
Alternative FD - Proposed Transmission Lines 

Diameter  Length  
mm Inches  Meters Feet 
1,524 60 700 2,300 
1,371 54 - - 
1,219 48 - - 
1,067 42 3,650 12,000 
914 36 15,550 51,000 
762 30 14,900 48,900 
686 27 - - 
610 24 22,400 73,500 
508 20 3,600 11,800 
406 16 10,750 35,300 
305 12 16,800 55,100 

 Total 107,200 351,700 
 

Table 10-7 
Alternative FD - Proposed Pumping Stations 

Flow Rate Pressure Horse Power @ 70% 
Efficiency Pumping 

Station From To 
lts gpm mts feet Needed Recommended

El Refugio 
Planta El 
Florido Tanque El Refugio 1,010 16,009 20 66 379 400 

Carrizo 1 
Tanque El 
Refugio Carrizo 1 340 5,389 60 197 383 400 

Carrizo 2 Carrizo 1 Carrizo 2 76 1,205 55 180 78 100 
Carrizo 3 Carrizo 2 Carrizo 3 64 1,014 95 312 114 125 
Planta 
Rodriguez 2 

Planta 
Rodriguez 2 Panamericano 475 7,529 170 558 1,515 1,600 

Presa 
Rodriguez 

Presa 
Rodriguez 

Planta Rodriguez 
2 475 7,529 60 197 535 600 

Desaladora - 
Playas II Desaladora Playas II 2,750 43,588 193 633 9,957 10,000 

Desaladora - 
Panamericano Linea Costera Panamericano 1,451 22,999 170 558 4,628 4,700 

San Antonio de 
Los Buenos Linea Costera 

Tanque San 
Antonio 188 2,980 20 66 71 100 

Planta Alamar 
Planta 
Alamar Tanque Otay 300 4,755 96 315 540 600 

          Total Hp 18,625 
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10.3.4 Analysis of Alternative F-E 
Under this alternative, supplies from the Colorado River are kept constant at the 
present rate of supply (4,000 lps).  Desalination of sea water is reduced to 2,170 lps 
while indirect potable reuse is increased to 754 lps representing the highest rate of 
reuse amongst all alternatives.  Groundwater production is kept at 300 lps at the new 
Alamar treatment plant and 51 lps are obtained from the La Mission wells. The 
existing El Florido treatment plant remains at its present capacity of 4,000 lps; the 
existing A.L. Rodriguez plant is refurbished to produce 500 lps and a new plant 
(Rodriguez 2) is proposed to treat an additional 751 lps off the Rodriguez reservoir.  
Deliveries of desalted water to the currently developed area are estimated at 666 lps 
to the Playas 2 reservoir and 667 lps to the Aguaje de La Tuna reservoir through the 
Panamericano system. 

The proposed water treatment plants, transmission, storage and pumping facilities 
are depicted in Figure 10-6.  Pipeline improvements are presented in Table 10-8 while 
pump station improvements are listed in Table 10-9 at the end of this section. 

Table 10-8 
Alternative FE - Proposed Transmission Lines 

Diameter  Length  
mm  Inches  Meters  Feet  
1,524 60 - - 
1,371 54 700 2,300 
1,219 48 - - 
1,067 42 3,650 12,000 
914 36 15,550 51,000 
762 30 19,950 65,500 
686 27 - - 
610 24 17,350 56,900 
508 20 3,600 11,800 
406 16 10,750 35,300 
305 12 16,800 55,100 

 Total 107,200 351,700 
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Table 10-9 
Alternative FE - Proposed Pumping Stations 

Flow Rate Pressure 
Horse Power @ 70% 

Efficiency Pumping Station From To 
lts gpm mts feet Needed Recommended

El Refugio Planta El Florido Tanque El Refugio 1,010 16,009 20 66 379 400 

Carrizo 1 Tanque El Refugio Carrizo 1 340 5,389 60 197 383 400 

Carrizo 2 Carrizo 1 Carrizo 2 76 1,205 55 180 78 100 

Carrizo 3 Carrizo 2 Carrizo 3 64 1,014 95 312 114 125 

Planta Rodriguez 2 Planta Rodriguez 2 Panamericano 475 7,529 170 558 1,515 1,600 

Presa Rodriguez Presa Rodriguez 
Planta Rodriguez 
2 475 7,529 60 197 535 600 

Desaladora - Playas 
II Desaladora Playas II 2,750 43,588 193 633 9,957 10,000 

Desaladora - 
Panamericano Linea Costera Panamericano 1,451 22,999 170 558 4,628 4,700 

San Antonio de Los 
Buenos Linea Costera 

Tanque San 
Antonio 188 2,980 20 66 71 100 

Planta Alamar Planta Alamar Tanque Otay 300 4,755 96 315 540 600 

              Total Hp 18,625
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10.3.5 Analysis of Alternative G-B (Same as G-C) 
This alternative has the same supply components as alternative G-C.  Under these 
alternatives supplies from the Colorado River are augmented to 5,757 lps while 
desalination is significantly reduced to 691 lps.  Groundwater production is 
maintained at 300 lps at the Alamar treatment plant and 51 lps at the La Mission 
wells.  Indirect potable reuse provides 476 lps under this alternative.  To 
accommodate the increase in deliveries of imported water a new delivery pipeline 
from the El Carrizo reservoir to the El Valle Dorado area will be required to convey 
raw water to a new 1,757 lps treatment plant in that location. In addition, the existing 
A.L. Rodriguez plant would be refurbished to produce 500 lps and a new plant 
(Rodriguez 2) is proposed to treat an additional 475 lps off the Rodriguez reservoir.  
Deliveries of desalted water to the currently developed area are limited to 505 lps to 
the Playas 2 reservoir while deliveries of Colorado River water from the Valle Dorado 
plant to the Aguaje de La Tuna reservoir are estimated at 826 lps. 

The proposed water treatment plants, transmission, storage and pumping facilities 
are depicted in Figure 10-7.  Pipeline improvements are presented in Table 10-10 
while pump station improvements are listed in Table 10-11 at the end of this section. 

Table 10-10 
Alternatives GB, GC - Proposed Transmission 

Lines 
Diameter Length 

mm Inches  Meters Feet 
1,524 60 29,200 95,800 
1,371 54 - - 
1,219 48 - - 
1,067 42 - - 
914 36 20,900 68,600 
762 30 14,700 48,200 
686 27 11,700 38,400 
610 24 19,450 63,800 
508 20 3,600 11,800 
406 16 18,850 61,800 
305 12 20,200 66,300 

 Total 151,300 496,400 
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Table 10-11 
Alternatives GB, GC - Proposed Pumping Stations 

Flow Rate Pressure 
Horse Power @ 70% 

Efficiency Pumping 
Station From To 

lts gpm mts feet Needed Recommended
El Refugio Planta El Florido Tanque El Refugio 1,010 16,009 20 66 379 400 

Carrizo 1 Tanque El Refugio Carrizo 1 340 5,389 60 197 383 400 

Carrizo 2 Carrizo 1 Carrizo 2 76 1,205 55 180 78 100 

Carrizo 3 Carrizo 2 Carrizo 3 64 1,014 95 312 114 125 

Planta Rodriguez 
2 Planta Rodriguez 2 Panamericano 475 7,529 170 558 1,515 1,600 

Presa Rodriguez Presa Rodriguez Planta Rodriguez 2 475 7,529 60 197 535 600 

Desaladora - 
Playas II Desaladora Playas II 693 10,984 155 509 2,015 2,100 

Desaladora - 
Panamericano Linea Costera Panamericano 693 10,984 170 558 2,210 2,200 

San Antonio de 
Los Buenos Linea Costera Tanque San Antonio 188 2,980 20 66 71 100 

Planta Alamar Planta Alamar Tanque Otay 300 4,755 96 315 540 600 

              Total Hp 8,225
 

10.3.6 Analysis of Alternative G-D 
Similar to the previous alternative, supplies from the Colorado River are augmented 
to 5,757 lps while desalination is significantly reduced to 992 lps.  Groundwater 
production is limited to 51 lps at the La Mission wells.  Indirect potable reuse 
provides 476 lps under this alternative.  The increase in deliveries from the Colorado 
River are treated at the Valle Dorado treatment plant as described in the previous 
alternative. The existing A.L. Rodriguez plant would be refurbished to produce 500 
lps and a new plant (Rodriguez 2) is proposed to treat an additional 475 lps off the 
Rodriguez reservoir.  Deliveries of desalted water to the currently developed area are 
estimated at 510 lps to the Playas 2 reservoir while new deliveries from the Valle 
Dorado plant to the Aguaje de La Tuna reservoir are estimated at 1,120 lps. 

The proposed water treatment plants, transmission, storage and pumping facilities 
are depicted in Figure 10-8.  Pipeline improvements are presented in Table 10-12 
while pump station improvements are listed in Table 10-13 at the end of this section. 
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Table 10-12 
Alternative GD - Proposed Transmission 

Lines 
Diameter Length 

mm Inches Meters Feet 
1,524 60 29,200 95,800 
1,371 54 - - 
1,219 48 - - 
1,067 42 5,800 19,000 
914 36 17,500 57,400 
762 30 11,500 37,700 
686 27 11,700 38,400 
610 24 16,950 55,600 
508 20 3,600 11,800 
406 16 10,750 35,300 
305 12 16,800 55,100 

 Total 142,650 468,000 

 
Table 10-13 

Alternative GD - Proposed Pumping Stations 

Flow Rate Pressure Horse Power @ 70% 
Efficiency Pumping 

Station From To 
lts gpm mts feet Needed Recommended

El Refugio Planta El Florido Tanque El Refugio 1,010 16,009 20 66 379 400 

Carrizo 1 Tanque El Refugio Carrizo 1 340 5,389 60 197 383 400 

Carrizo 2 Carrizo 1 Carrizo 2 76 1,205 55 180 78 100 

Carrizo 3 Carrizo 2 Carrizo 3 64 1,014 95 312 114 125 

Planta 
Rodriguez 2 Planta Rodriguez 2 Panamericano 475 7,529 170 558 1,559 1,600 

Presa Rodriguez Presa Rodriguez Planta Rodriguez 2 475 7,529 60 197 535 600 

Desaladora - 
Playas II Desaladora Playas II 993 15,739 155 509 2,887 2,900 

Desaladora - 
Panamericano Linea Costera Panamericano 993 15,739 185 607 3,446 3,500 

San Antonio de 
Los Buenos Linea Costera Tanque San Antonio 188 2,980 20 66 71 100 

Rosarito 6 Union con Rosarito 7 Rosarito 6 56 888 170 558 179 200 

Rosarito 7 Union con Rosarito 6 Rosarito 7 128 2,029 18 59 43 50 

Planta Alamar Planta Alamar Tanque Otay 300 4,755 96 315 540 600 

          Total Hp 9,775 
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10.3.7 Analysis of Alternative G-E 
This alternative is very similar to Alternative G-B in that Colorado River deliveries are 
increased by 1,757 lps and groundwater production at the new Alamar plant is 
maintained at 300 lps.  Desalination of sea water is further reduced to only 413 lps. 
The reduction in desalination is compensated by increasing indirect potable reuse to 
754 lps. The increase in deliveries from the Colorado River are treated at the Valle 
Dorado treatment plant as described in alternative G-B. The existing A.L. Rodriguez 
plant would be refurbished to produce 500 lps and a new plant (Rodriguez 2) is 
proposed to treat an additional 751 lps off the Rodriguez reservoir.  Deliveries of 
desalted water to the currently developed area are estimated at 229 lps to the Playas 2 
reservoir while new deliveries from the Valle Dorado plant to the Aguaje de La Tuna 
reservoir are estimated at 1,102 lps. 

The proposed water treatment plants, transmission, storage and pumping facilities 
are depicted in Figure 10-9.  Pipeline improvements are presented in Table 10-14 
while pump station improvements are listed in Table 10-15 at the end of this section. 

Table 10-14 
Alternative GE - Proposed Transmission 

Lines 
Diameter Length 

mm Inches Meters Feet  
1,524 60 29,200 95,800 
1,371 54 - - 
1,219 48 - - 
1,067 42 8,250 27,100 
914 36 2,700 8,900 
762 30 19,150 62,800 
686 27 - - 
610 24 21,150 69,400 
508 20 3,600 11,800 
406 16 18,850 61,800 
305 12 20,200 66,300 

 Total 147,500 483,900 
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Table 10-15 
Alternative GE - Proposed Pumping Stations 

Flow Rate Pressure 
Horse Power @ 70% 

Efficiency Pumping Station From  To 
lts gpm mts feet Needed Recommended

El Refugio Planta El Florido Tanque El Refugio 1,010 16,009 20 66 379 400 

Carrizo 1 Tanque El 
Refugio Carrizo 1 340 5,389 60 197 383 400 

Carrizo 2 Carrizo 1 Carrizo 2 76 1,205 55 180 78 100 

Carrizo 3 Carrizo 2 Carrizo 3 64 1,014 95 312 114 125 

Planta Rodriguez 2 Planta Rodriguez 
2 Panamericano 751 11,904 170 558 2,395 2,400 

Presa Rodriguez Presa Rodriguez Planta Rodriguez 
2 751 11,904 60 197 845 850 

Desaladora-Alt A – 
Mas Bombeo Desaladora Playas II 417 6,610 210 659 1,643 1,700 

Desaladora-Alt A – 
Mas Bombeo Desaladora Playas II 417 6,610 160 525 1,252 1,300 

San Antonio de Los 
Buenos Linea Costera Tanque San 

Antonio 188 2,980 20 66 71 100 

Planta Alamar Planta Alamar Tanque Otay 300 4,755 96 315 540 600 

          Total Hp 7,975 
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Section 11 
Infrastructure Requirements for the 
Wastewater Collection System 
 
The wastewater collection system in the study area was analyzed to determine its 
capacity to handle the flows of wastewater currently generated, as well as those 
projected for future conditions. The analysis attempts to identify thesegments of 
pipelines with deficiencies and calculate the diameter of the pipelines to be replaced. 
Additionally, the model will be utilized to estimate the infrastructure requirements 
for the sanitary wastewater collection improvements for each alternative.  

11.1 Evaluation of the Wastewater Collection System 
(wastewater hydraulic model)  
The wastewater collection system in Tijuana and Playas de Rosarito encompasses 
2,657 km of pipelines, ranging in diameters from 10 to 252 cm.  The system covers an 
area of 15,362 hectares and is divided into four sectors that discharge into two 
wastewater treatment plants through seven pumping stations.  Section 3 provides a 
more detailed description of the system. 

The modeling for the primary system considered pipelines with diameters between 30 
and 183 cm. The total pipeline alignment lengths are 228,382 m and 4,487 m for 
Tijuana and Playas de Rosarito, respectively.  The pipelines that were utilized in the 
model are shown in Figure 11-1. 

11.1.1 Development of the Model 
The wastewater collection systems in Tijuana and Playas de Rosarito are relatively 
very complex, mainly due to the irregular topography and its cumbersome 
configuration, as a result of the accelerated growth of the metropolitan area. Due to 
this complexity, the modeling of the system was made using a computer program 
specifically designed to address these issues. 

The program that was utilized for the hydraulic simulation is H2OMAP Sewer. This 
program was selected from among several other options after its advantages and 
disadvantages were considered and weighed agains the other programs.  Its main 
characteristics are the following: 

� Capability to simulate up to 2,000 pipeline sections 

� Capability to simulate the system under dynamic and static flow conditions 

� Capability to model systems with pumping stations with constant or variable flows  
(using the pump curves) 
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� Ability to calculate construction costs for new pipelines, provided a cost curve 
database is integrated into the program 

� It suggests the diameters that should be used, in case the existing pipelines are 
undersized for their intended purpose, relative to their flow capacity and slope, for 
both the replacement of pipelines or the construction of parallel lines 

� It functions with both English and Metric Systems 

� It displays the profile and hydraulic gradient ofthe pipelines 

� The modeling can be run utilizing the Hazen & Williams or Manning’s equations 

� It is compatible with programs such as ARCVIEW and AUTOCAD to export 
information 

� Feeding information is simple and results are easy to understand 

� It is relatively simple to operate and user friendly 

The simulation of the system was only made for static conditions, since there is no 
detailed data concerning actual flows required for simulating the system under 
dynamic conditions.  The type of information that is missing includes flow data in 
different points of the system during rainy and dry seasons. These flows would need 
to be measured 24 hours a day in short intervals to determine the curve of flowratesin 
the system. The procedure used to enter information into the model is as follows: 

1. The wastewater collection system is laid out within a graphics environment using a 
graphic and numerical information structure containing the characteristics of the 
elements that compose the system.  

2. Information is assigned to each one of these elements, including diameters, invert 
elevations, and manhole grade elevations, as well as flowrate measurements and 
pumping data. Information on wastewater flows and infiltration is also included. 

3. As a complement, the user feeds the information that is not defined by the system 
graphic representation, such as pipeline diameters, grade elevation, invert 
elevations, and roughness coefficient, as well as maximum and minimum velocity 
limits. 

4. Based on digitized information as indicated above, the program is used to obtain 
numeric data that shall be used in the hydraulic simulation. This information is 
transferred to files with a predetermined structure, to be used later in the hydraulic 
simulation. 
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5. The hydraulic simulation is performed.  Its results consist of the values of the 
accumulated flow, velocity and the critical depthin the pipelines for different 
operating conditions. 

Upon completion of the simulation process the modeler reviews the results based on 
the established design criteria.  (See Table 11-1).  

It is relevant to note that there are some differences between the design practices used 
by the program and those used in Mexico, regulated by Mexican norms and according 
to technical requirements set forth by Mexico’s National Water Commission (CNA) 
and the State of Baja California.  

For example, a common practice in Mexico is to use Harmon’s coefficient to calculate 
peak factors in the wastewater collection system, based on the cumulative population 
upstream of the pipe segment, with the average cumulative flow up to this point. On 
the other hand, the model uses the average flow entered in each node and the 
population served by that node. This implies that all sections analyzed by the model 
will have slightly larger flows than those obtained when utilizing criteria generally 
used in Mexico. 

Table 11-1 
Design and Evaluation Criteria for the Wastewater Collection System 

Element Design Flow  Design Criteria  Formulae 

Sub-secondary sewers and 
secondary sewers. 

Maximum expected flow 
(Qmaxext) 

Largest minimum velocity 
equal to 0.3 m/s 
Maximum vel.5 m/s or that 
recommended by the supplier 

Qmedd= 
Population*Contribution/864
00Qmáxinst = M*Qmedd  
M= Hammon Coefficient 
=1+[14/(4+P^(1/2))] 
v=(1/n)(r^2/3)(s^1/2);  
v= average speed 
Q expected= 1.2*Qmaxinst 
according to SAHOPE norm

Minimum diameter (it refers to the 
minimum diameter to be used for 
designing pipelines, even if the 
theoretical flow is smaller) 

Expected maximum flow 
(Qmaxext) 20 cm (8”)  

Minimum flow (it refers to the 
minimum flow to be used when 
designing pipelines, even if the 
theoretical flow is smaller) 

Maximum expected flow 
(Qmaxext) 

Qmin=Qmed/2 
Qmin for design = 1.5 l/s  

Maximum distance between 
manholes 

Maximum expected flow 
(Qmaxext) 

Up to 125 m for pipeline 8” to 
24”. 
From 27” to 40” 150 m, from 
60” to 96” 175 m. 

 
 
 

Common manholes Maximum expected flow

Pipeline with a diameter up to 
61 cm (24”) 
Inside diameter of the manhole 
= 1.20M 
 

 

Special manholes Maximum expected flow 
(Qmáxext) 

Pipeline larger than 61 cm 
(24”).  
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Table 11-1 
Design and Evaluation Criteria for the Wastewater Collection System 

Element Design Flow  Design Criteria  Formulae 

Small pumping station, civil work Average daily flow 
(Qmedd) 

A retention time of not more 
than 10 min. is established  

Small pumping station, electro 
mechanic 

Maximum expected flow 
(Qmáxext)   

Pressure line Maximum expected flow 
(Qmáxext) 

Minimum max velocity or equal 
to 0.3 m/s 
Maximum vel. 5 m/s or that 
recommended by the supplier.  

Hazen - Williams: 

Depth(d) to diameter (D) ratio Maximum expected flow 
(Qmáxext) 80 % of interior diameter D/d; d= Depth; D= Pipeline 

diameter. 
Source: SAHOPE 1997, Technical regulations for Baja California 

 
The following is a summary of the required data for using the H2OMAP Sewer 
computer program: 

a. Data on the sections 

ID 
(Char) 

From_INV 
(Num) 

To_INV 
(Num) 

Length 
(Num) 

Diameter 
(Num) 

COEFF 
(Num) 

Identifier  Measure of 
Initial Invert 

Measure of 
Final Invert 

Lenght Diameter Roughness 
Coefficient 

 
b. Data on inspection wells 

ID 
(Char) 

Diameter (Num) Rim_Elev 
(Num) 

Load 1 
(Num) 

Type1 
(Num) 

Coverage 1 
(Num) 

Identifier Diameter Grade Flowrate  Type of structure Populations 
 

c. Data of the System Plan, with manholes , pipelines and location of pumping and 
outfall  points. 

d. Data on the wastewater flow per capita (l/pers/day) per manhole. 

e. Elevations data andother information of outfall structures. 

Once the pipelines subject to analysis have been defined, their areas of influence are 
defined according to wastewatershed, to determine flowrates for each node. The blue 
prints for the sewage laterals were used as the basis for defining these zones, and 
which were complemented with topographic maps from INEGI. 

Available information on the operations of the system, such as critical depths, 
flowrates measured at manholes and pumping stations is used to calibrate the model.  
These data are used to determine whether the model is simulating the system’s actual 
field conditions. The calibration process is discussed later. 
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11.2 Model Calibration  
Once the model has been calibrated, it can be utilized to identify deficiencies that 
prevent the system from handling present and projected future flows. Based on these 
results, improvements can be proposed. 

Wastewater collection system data up to the year 2001 was used for calibrating the 
model and two hydraulic simulations were performed using Manning’s formula and 
a friction coefficient of 10 for PVC pipelines, and of 12 for reinforced concrete.  

The first simulation was performed using the average daily flow, and the second one 
using the maximum expected flow (equivalent to the maximum peak flow). This last 
flow represents the worst possible conditions of the system and it reflects the 
maximum working condition of the latter. 

The first simulation was performed to compare the results of the model with available 
information for pumping stations where flows are measured, as well as with other 
metering points in secondary sewers that discharge in open air, as shown in Figure 
11-1 and Table 11-2.  

Table 11-2 
Flows measured in pumping stations (in l/s; year 2001) 

Month PB1 PB3 PB 
Playas

PB 
Laureles INV

Small 
pumping 
station 
Mirador 

1 

Lázaro 
Cárdenas SBIWTP Rosarito

Tecolote 
- La 

Gloria 

January 658 152 86 13 35 10 1.00 1,087 35 25 
February 799 178 87 17 36 9 1.50 1,080 33 25 
March 635 155 81 16 32 9 1.70 988 36 25 
April 941 171 90 19 38 10 2.50 1,069 40 25 
May 993 195 91 20 41 10 3.00 1,005 41 25 
June 908 215 91 21 45 10 3.00 1,060 38 25 
July 945 208 95 21 50 9 4.00 1,019 39 25 
August 902 202 99 21 50 10 5.00 1,092 37 25 
September 938 205 96 19 52 10 5.17 1,067 34 25 
October 892 204 99 20 43 10 3.00 1,075 34 25 
November 908 192 96 20 40 10 2.50 1,079 34 25 
December 1,053 188 89 21 35 11 2.00 1,064 37 25 
Average 881 189 92 19 41 10 3 1,057 37 25 
 
Table 11-3 presents the results obtained from the wastewater collection system 
simulation under average daily flow conditions for the control points used in the 
calibration.  Wastewater flows used for this simulation correspond to the population 
distribution presented in Section 6 for each basin in relation to water consumption per 
user type.  
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Table 11-3 
Flow comparison in measuring points for calibration (in l/s) 

Concept 
 

PB1
 

PB3
 

PB 
Playas

PB 
Laureles

INV
 

Small 
Pumping 
Station
Mirador 

1 

SBIWTP 
 

Rosarito
 

Tecolote 
- La 

Gloria 

Measured average (physical) 881.0 189.0 92.0 19.0 41.0 10.0 1057.0 37.0 27.0
Model result 907.2 149.7 60.0 29.9 27.9 9.7 1056.2 37.6 31.2
Difference (measured – model) 26.2 -39.3 -32.0 10.9 -13.1 -0.3 -0.8 0.6 6.2
Difference %  3.0 -20.8 -34.8 57.2 -32.1 -3.2 -0.1 1.7 23.1

 
In this first run of the model, significant differences can be appreciated in some 
control points, such as Laureles pumping station with a 57 percent difference between 
the actual average flow and the model; as well as the pumping station Playas in 
Tijuana with a 35 percent difference between the two.  

For those points where actual measured flows were larger than the model flows, the 
following aspects were reviewed: 

� Service areas utilized to enter data in the model  

� The wastewater generation factor in relation to water consumption of the users.  

� Inflow and infiltration 

� Possible existence of interconnections between watersheds 

After adjusting these variables, the differences between the model and the 
measurements from the control points decreased to less than 12 percent in all cases; 
and this value is acceptable for calibration. Table 11–4 shows the final comparison 
values for the control points, after the model was calibrated.     

Table 11-4 
Flow comparison in measurement points after calibration of the model (in l/s) 

Concept 
 PB1 PB3 PB 

Playas
PB 

Laureles INV

Small 
pumping 
station 
Mirador 

1 

SBIWTP Rosarito Tecolote - 
La Gloria 

Measured average (actual) 881.0 189.0 92.0 19.0 41.0 10.0 1057.0 37.0 25.0
Results of model 881.1 187.3 88.9 21.4 41.8 10.7 1,057.1 36.2 30.0
Difference (measured- 
model) 0.1 -1.7 -3.1 2.4 0.8 0.7 0.1 -0.8 3.0
Difference % 0.0 -0.9 -3.4 12.4 1.9 7.4 0.0 -2.1 11.1
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11.3 Operation of the System Under Current Conditions 
(year 2001) 
Once the model was calibrated, a simulation was performed under current conditions.   
The data that was used in the model is presented in Appendix Q. 

Due to the uncertainty of some physical data, mainly in the sections where the survey 
records do not show any information about the monitoring wells (referred to as 
virtual points), some results obtained in the model runs do not reflect the actual 
operation of these sections, therefore it is necessary to know in greater detail the 
characteristics of the elements that make up the system, specially in the sections with 
positive slopessections.  It is also convenient to know the conditions of the pipeline in 
the virtual points, the actual influence zones, and the flows that go through the 
pipelines at strategic points and not only at discharge points. 

The total analyzed length for Tijuana and Playas de Rosarito was 232,533 m of 
primary pipeline under current conditions. Table 11-5 shows total analyzed lengths. 

Table 11-5 
Diameter and length of modeled pipeline  

Diameter 
(mm) 

Length 
(m) 

200 1,200 
250 689 
300 48,432 
380 30,932 
450 29,785 
500 950 
530 14,823 
610 35,673 
760 18,261 
910 20,803 

1,070 18,289 
1220 4,542 
1,520 793 
1,830 7,362 
Total 232,533 

 
Simulation results with average daily flows show the existence of sections, with a 
total length of 1,085 m, that do have enough capacity to carry the flow generated 
upstream, which creates “overflow” of the pipeline and hydraulic head in the 
manholes upstream, which in turn cause some pipelines to operate under pressure. 
Diameters of pipeline segments with not enough capacity vary from 20 to 183 cm. The 
results of the hydraulic model runs are presentd in Appendix Q, and these identify 
those pipeline sections. Their location is depictd on Figure 11–2.  The secondary sewer 
segmernts with problems are Insurgentes, Oriente Nuevo, Ensenada, the Western 
interceptor and the International outfall. 
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The second simulation was performed under maximum expected flow, resulting in  a 
larger number of sections with not enough capacity, with a total length of 33,370 m., 
representing close to 15 percent of the analyzed pipeline. Pipelines with insufficient 
capacity to carry these maximum expected flows are shown in Figure 11–2 and 
Appendix Q.  Among the structures that present greater defficiencies are: The 
International outfall, Western Interceptor, Insurgentes collectors, INV Nuevo, Oriente 
Nuevo, Playas de Tijuana, Sánchez Taboada, Oriente Viejo, Ensenada, and sub-
collectors Pastejé, Teotihuacan and Industrial.  Appendix Q depicts pipeline sections 
with insufficient capacity under current conditions. 
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The modeling results under current conditions of the wastewater collection system 
indicate that 14.5 percent of the existing pipelines lack the capacity to carry the 
maximum expected peak flow, as this condition hinders the ability of hooking up new 
customers to the system in the short term.  Appendix Q shows the location of each 
one of the sections that currently have capacity problems. Similarly, Section 12 
indicates the diameter that should be used when rehabilitating them, or the parallel 
pipe diameter that should be used to handle the additional flow.  

It is recommended for CESPT to physically check the sections with capacity problems 
to verify whether these sections have counterslope problems in the survey and if 
indeed in model as well. 

11.4 Wastewater Collection Alternatives 
The proposed alternatives for future conditions considered both the growth of the 
cities and the wastewater collection system infrastructure. The wastewater collection 
system was divided in several sectors assigned to existing and proposed treatment 
plants.  

The modeling of the future sewer system and proposed alternatives was performed 
based on the systems’ present conditions and short term proposed improvements.  

When presenting alternatives, the optimization of the present system was sought, as 
well as the most adequate operating conditions.  Section 12 shows the twelve 
alternatives for potable water and wastewater developed and evaluated as part of the 
master plan. Within these twelve global alternatives, there are four variations 
concerning the wastewater system, which were thoroughly evaluated.  As part of this 
evaluation, the need for expansion and rehabilitation work will have been identified, 
as well as estimates of their implementation costs.    

Table 11-6 shows proposed treatment plants for each one of the evaluated alternatives 
(B, C, D and E  - wastewater), which will determine among other factors, wastewater 
collection systems requirements for each alternative. 

 
Table 11-6 

WWTP Capacity for each Alternative 
Alternative
BB, FB, GE

Alternative 
BC, FC, GC

Alternative 
BD, FD, GD 

Alternative 
BE, FE, GEWastewater treatment plant 

Capacity (l/s) 
WWTP´s Base 
International Plant 1,100 1,100 1,100 1,100 
San Antonio de los Buenos 1,100 1,100 1,100 1,100 
Rosarito I 50 50 50 50 
La Morita  380 380 380 380 
Monte de los Olivos 460 460 460 460 
Tecolote- La Gloria 380 380 380 380 
Rosarito II 210 210 210 210 
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Table 11-6 
WWTP Capacity for each Alternative 

Alternative
BB, FB, GE

Alternative 
BC, FC, GC

Alternative 
BD, FD, GD 

Alternative 
BE, FE, GEWastewater treatment plant 

Capacity (l/s) 
Proposed WWTPs  

Alamar - regional 1,470 1,090 - 980 
La Morita extension - - - 490 
Coastal - regional basin - 380 1,470 - 
Rosarito I - expansion extension 70 70 70 70 
Popotla 130 130 130 130 
Mesa del Descanso 20 20 20 20 
Puerto Nuevo 20 20 20 20 
La Misión 10 10 10 10 

 
The following is a brief description of each alternative, while the results of the 
hydraulic modeling are presented later.  

Alternative B-B (Same as F-B and G-B) 
In this alternative the conveyance of wastewater to 12 treatment plants is planned; 3 
already exist and 9 are proposed.  Four of thosenine are part of the Japanese credit 
program, and the remaining five are proposed in this study. The location of each of 
these plants is presented in Figure 11-3. 

Regional Alamar Plant 
This plant is the one with the largest capacity and will receive wastewater from the 
secondary sewer system Insurgentes, Alamar and New East. The flow conveyed by 
these sewers will be received at a point where the three secondary sewer intercept, via 
a pumping station located on landmark 37 m above sea level., proposed at 
Chapultepec – Alamar subdivision, at the intersection of the following streets: Airport 
Road, Canal del Rio Tijuana and Canal Río Alamar.  From this point the water will be 
conveyed to the proposed treatment plant to an approximate distance of 10.8 km and 
at about 86 m above sea level.  Wastewater flows from the following subbasins will 
discharge to the plants:  Matanuco Sur, Tributaries Alamar Right, Tributaries Alamar 
Left, Alamos Systems, Guaycura Presidentes, Gato Bronco and Cerro Colorado.   

San Antonio de Los Buenos and SBIWTP 
These plants will receive wastewater from the following subbasins: Cañón del Sol, 
Sistema Centro, Aguaje de la Tuna, Camino Verde, Sánchez Taboada, La Mesa, 
México Lindo, El Sainz, Cueros de Venado, Valle de las Palmas, Emiliano Zapata, 
Pastejé and la Pechuga.  Aproximately 70 percent of the flow generated in this area 
will be treated at the SBIWTP plant, and the rest will be pumped to the pumping 
station in San Antonio de los Buenos through PB1. This pumpingincorporates 
wastewater coming from the following subbasins:  El Matadero, Los Laureles, Playas 
North and Playas South. 
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Monte de los Olivos 
This plant is part of the Japanese credit program, and will receive wastewater from El 
Florido subbasin. 

Tecolote la Gloria 
This plant is part of the Japanese credit program, and will receive wastewater from 
San Antonio de los Buenos and San Antonio del Mar subbasins. 

La Morita 
This plant is part of the Japanese credit program, and will treat 80 percent of the 
wastewater coming from Matanuco North subbasin. The rest of the wastewater 
generated in this basin will be conveyed to the Alamar regional WWTP. 

Rosarito II 
This plant is part of the Japanese credit program, and will receive wastewater from 
Plan Libertadoro subbasin. 

Rosarito I 
This plant will receive wastewater from Rosarito y Guaguatay subbasins. 

Popotla 
Will treat wastewater from the following subasins; Sin Nombre, Playa Encantada and 
El Morro. 

Puerto Nuevo 
Will receive wastewater from the Paraiso subbasin. 

Mesa del Descanso 
Will treat wastewater from El Descanso and Mesa del Descanso subbasins.  

La Misión 
Will receive wastewater from La Misión subbasin 

Figure 11-3 depicts the wastewater sheds for each one of the existing and proposed 
WWTPs for this alternative.  
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Because of the plants’ location and elevation, several conveyance lines will have to be 
built along with pumping stations to carry the water to the different plants. Table 11-7 
shows the conveyance infrastructure. 

 

Table 11-7 
Proposed Infrastructure for Wastewater Pumping Stations  

(Alternatives BB, FB, GB) 

   Flow Pressure HP at 70% Efficiency Pumping 
Station From To 

l/s gpm m feet Needed Proposed 
Alamar 
Regional 

 Alamar pumping station WWTP Alamar 3,175 50,325 84 275 6,344 6,400 

Rosarito I Pumping Station 
Rosarito 

WWTP Rosarito I 151 2,393 66 216 237 250 

Popotla Pumping Station 
 Popotla 

WWTP Popotla 68 1,078 42 138 34 60 

Mesa del 
Descanso 

Pumping Station Mesa del 
Descanso 

WWTP Mesa de 
Descanso 

78 1,236 54 178 100 100 

Puerto Nuevo Pumping Station Puerto 
Nuevo 

WWTP Puerto 
Nuevo 

78 1,236 36 119 67 70 

La Misión Pumping Station La Misión WWTP La Misión 21 333 14 47 7 10 

Proposed infrastructure for Wastewater Conveyance Lines 
Conveyance 
line Diameter Length Flow 

 
From To 

cm in m Feet l/s gpm 
Regional 
Alamar 

Alamar Pumping Station WWTP Alamar 122 48 10,74
9 

35,24
3 

3,175 50,325 

Rosarito I Pumping Station  
Rosarito 

WWTP Rosarito I 36 14 3,676 12,05
2 

151 2,393 

Popotla Pumping Station 
 Popotla 

WWTP Popotla 20 8 6,323 20,73
1 

68 1,078 

Mesa del 
Descanso 

Pumping Station Mesa del 
Descanso 

WWTP Mesa de 
Descanso 

20 8 12,75
3 

41,81
3 

78 1,236 

Puerto Nuevo Pumping Station  
Puerto  Nuevo 

WWTP Puerto 
Nuevo 

20 8 7,269 23,83
3 

78 1,236 

La Misión Pumping Station 
 La Misión 

WWTP La Misión 20 8 1,322 4,334 21 333 

 
Alternative B-C (Same as F-C and G-C) 
This alternative proposes a Pumping Station (Coastal Basin Regional), in addition to 
those proposed in Alternative l, and the Regional Alamar WWTP capacity is reduced. 

Location of the Coastal basin plant is very close to the existing plant in San Antonio 
de los Buenos.  The wastewatershed for each plant is defined as follows: 
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Alamar Regional Plant  
This plant will cover the subbasins of Matanuco Sur, Alamar Tributaries Left, Sistema 
Álamos, Guaycura Presidentes, Gato Bronco and Cerro Colorado. 

Plant in San Antonio de los Buenos, SBIWTP and Regional Coastal Plant 
These WWTPs will receive wastewater from the following subbasins:  Alamar 
Tributary Right, Cañón del Sol, Sistema Centro, Aguaje de la Tuna, Camino Verde, 
Sánchez Taboada, La Mesa, Mexico Lindo, El Sainz, Cueros de Venado, Valle de las 
Palmas, Emiliano Zapata, Pastejé and La Pechuga. 60 percent of the generated 
wastewater in these basins will be treated at the SBIWTP, while the rest will be 
pumped to the plant in San Antonio de los Buenos and the Coastal Regional, using 
the PB1 pumping station. This pumping station will also receive wastewater from the 
following sub basins: El Matadero, Los Laureles and Playas Norte. Playas Sur 
subbasin discharges at the Alamar Regional Plant. 

Treatment plants at Monte de los Olivos, Tecolote La Gloria, La Morita, Rosarito I & 
II, Popotla, Puerto Nuevo, Mesa del Descanso and la Misión, will receive wastewater 
from the same contributing subbasins described in Alternative 1. 

Figure 11-4 shows contributing areas for each treatment plant, according to the 
capacity proposed in this alternative. 
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Sewer lines and pumping stations that will convey wastewater to the different 
WWTPs are presented in Table 11-8. 

 
Table 11-8 

Proposed Infrastructure for Wastewater Pumping Stations  
(Alternatives BC, FC, GC) 

Flow Pressure HP at 70% 
Efficiency Pumping 

Station From To 
L/s gpm m feet Needed Proposed

Alamar Regional Pumping Station Alamar WWTP Alamar 2,354 37,312 70 229 3,911 4,000 
Regional Coastal 
Basin 

Pumpin Station 
 PB-1N  

WWTP Coastal 
Basin 

821 13,013 145 476 2,838 2,900 

Rosarito I Pumping Station 
Rosarito 

WWTP Rosarito 
I 

151 2,393 66 216 237 250 

Popotla Pumping Station Popotla WWTP Popotla 68 1,078 42 138 34 60 
Mesa del 
Descanso 

Pumping Station 
Mesa del Descanso 

WWTP Mesa de 
Descanso 

78 1,236 54 178 100 100 

Puerto Nuevo Pumping Station Puerto 
Nuevo 

WWTP Puerto 
Nuevo 

78 1,236 36 119 67 70 

La Misión Pumping Station 
 La Misión 

WWTP La 
Misión 

21 333 14 47 7 10 

Proposed Infrastructure for Wastewater Conveyance Pipelines  
Diameter Length Flow Coveyance 

Pipeline From           To 
cm in m feet l/s Gpm 

Regional Alamar Pumping Station Alamar WWTP Alamar 122 48 10,749 35,243 2,354 37,312 
Coastal Basin 
Regional 

Pumping Station 
 PB-1N  

WWTP Cuenca 
Costera 

61 24 4,660 15,279 821 13,013 

Rosarito I Pumping Station 
Rosarito 

WWTP Rosarito 
I 

36 14 3,676 12,052 151 2,393 

Popotla Pumping Station Popotla WWTP Popotla 20 8 6,323 20,731 68 1,078 
Mesa del 
Descanso 

Pumping Station Mesa 
del Descanso 

WWTP Mesa de 
Descanso 

20 8 12,753 41,813 78 1,236 

Puerto Nuevo Pumping Station Puerto 
Nuevo 

WWTP Puerto 
Nuevo 

20 8 7,269 23,833 78 1,236 

La Misión Pumping Station 
 La Misión 

WWTP La 
Misión 

20 8 1,322 4,334 21 333 

 
Alternative B-D (Same as F-D and G-D) 
This alternative presents the same number of pumping stations and the same capacity 
as Alterantive B–B, with the diffrence that Alamar Regional is substituted by the 
Coastal Basin Regional plant, located in the lower part of Plan Libertador subbasin. 
Under the proposed plan under this alternative, the majority of wastewater generated 
in the Rio Tijuana basin would continue to be taken out of the basin for subsequent 
treatment. 

Wastewatersheds each plant are the same as in Alternative B-B, but the wastewater 
collected in the Río Tijuana basin will be conveyed to the Coastal Basin Regional. This 
plant will receive wastewater from the following secondary sewers: Insurgentes, 
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Alamar and Oriente Nuevo. The flow of these secondary sewers will be captured at 
the point where the three intercept and conveyed by gravity to PB1.   From this point, 
wastewater will be conveyed through a tunnel to the San Antonio de los Buenos 
WWTP discharge site.  From there it will be pumped to the proposed site for the  
Coastal Basin Regional.  Subbasins associated with this plant are: Matanuco Sur, 
Alamar Tributaries Right, Alamar Tributaries Left, Sistema Álamos, Guaycura 
Presidentes, Gato Bronco and Cerro Colorado.   

The rest of the proposed plants have the same wastewatersheds as described in 
alternative B–B.  Figure 11–5 shows the wastewatersheds for each WWTP.  



Areas of contribution for WWTP (Alternative BD)
Figure 11-5
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Table 11-9 shows the conveyance infrastructure proposed for this alternative. 

 
Table 11-9 

Proposed Infrastructure for Wastewater Pump Stations  
 (Alternatives BD, FD, GD) 

Flow Pressure HP at 70%  
 Efficiency Pumping 

Station From To 
 l/s gpm m feet Needed Proposed

Coastal Basin 
Regional Rosarito 

Pump Station  
Coastal Basin 

WWTP Coastal 
Basin Rosarito 

3,175 50,32
5 

57 186 4,280 4,400 

Rosarito I Pump Station Rosarito WWTP Rosarito I 151 2,393 66 216 237 250 
Popotla Pump Station Popotla WWTP Popotla 68 1,078 42 138 34 60 
Mesa del 
Descanso 

Pump Station Mesa 
del Descanso 

WWTP Mesa de 
Descanso 

78 1,236 54 178 100 100 

Puerto Nuevo Pump Station Puerto 
Nuevo 

WWTP Puerto 
Nuevo 

78 1,236 36 119 67 70 

La Misión Pump Station La 
Misión 

WWTP La Misión 21 333 14 47 7 10 

Proposed Infrastructure for Wastewater Conveyance Pipelines  
Diameter Length Flow Conveyance 

Pipelines From To 
Cm in m feet l/s Gpm 

Coastal Basin 
Regional Rosarito 

Pump Station Coastal 
Basin  

WWTP Coastal 
Basin Rosarito 

142 56 6,32
1 

20,72
5 

3,175 50,325 

Rosarito I Pump Station Rosarito WWTP Rosarito I 36 14 3,67
6 

12,05
2 

151 2,393 

Popotla Pump Station Popotla WWTP Popotla 20 8 6,32
3 

20,73
1 

68 1,078 

Mesa del 
Descanso 

Pump Station Mesa 
del Descanso 

WWTP Mesa de 
Descanso 

20 8 12,7
53 

41,81
3 

78 1,236 

Puerto Nuevo Pump Station Puerto 
Nuevo 

WWTP Puerto 
Nuevo 

20 8 7,26
9 

23,83
3 

78 1,236 

La Misión Pump Station La 
Misión 

WWTP La Misión 20 8 1,32
2 

4,334 21 333 

 
Alternative B-E (Same as F-E and G-E) 
This alternative proposes the same number and location of WWTP’s as Alternative B–
B, with the difference that the capacity of Alamar Regional will be reduced, while the 
plant at La Morita will be expanded. Figure 11-6 shows the location of these plants. 

Alamar Regional  
This plant will receive wastewater form the following secondary sewers: Insurgentes, 
Alamar and Oriente Nuevo. The flow of these secondary sewers will be captured at 
the point where the three intercept and using a pump station located at 37 m.o.s.l., 
will be elevated to 86 m.o.s.l., at approximately 10.8 km. Contributing sub – basins 
that will supply this plant are:  
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Alamar Tributarieos Right, Alamar Tributaries Left, Sistema Álamos, Guaycura 
Presidentes, Gato Bronco and Cerro Colorado. 

La Morita 
This plant will be built for a capacity of 380 l/s in its first stage and will be expanded 
on a median term to 870 l/s. Wastewater treated in this plant will come from 
Matanuco sub - basin (North and South). 

Contributing areas for the rest of the plants are the same as those described in 
Alternative 1. Figure 11-6 shows contributing areas for each WWTP. 



Areas of contribution for WWTP (Alternative BE)
Figure 11-6
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Proposed infrastructure for wastewater conveyance is shown in Table 11-10. 

Table 11-10 
Proposed Infrastructure for Wastewater Pump Stations  

 (Alternatives BE, FE, GE) 

Flow Pressure HP at 70%  
Efficiency Pump Station From To 

l/s gpm m feet Needed Proposed
Regional Alamar Pump Station 

Alamar  
WWTP Alamar 2,117 33,55

5 
10,74

9 
35,24

3 
3,350 3,400 

Ampliación la 
Morita 

Pump Station La 
Morita 

WWTP Ampliación 
La Morita 

1,058 16,77
0 

2,914 9,554 885 900 

Rosarito I Pump Station 
Rosarito 

WWTP Rosarito I 151 2,393 66 216 237 250 

Popotla Pump Station 
Popotla 

WWTP Popotla 68 1,078 42 138 34 60 

Mesa del 
Descanso 

Pump Station Mesa 
del Descanso 

WWTP Mesa de 
Descanso 

78 1,236 54 178 100 100 

Puerto Nuevo Pump Station 
Puerto Nuevo 

WWTP Puerto 
Nuevo 

78 1,236 36 119 67 70 

La Misión Pump Station La 
Misión 

WWTP La Misión 21 333 14 47 7 10 

Proposed Infrastructure for Wastewater Conveyance Pipelines 

Diameter Length Flow Conveyance 
Pipeline From To 

cm in m feet l/s gpm 
Regional Alamar Pump Station 

Alamar  
WWTP Alamar 122 49 10,74

9 
35,24

3 
2,117 33,555 

Ampliación la 
Morita 

Pump Station La 
Morita 

WWTP Ampliación 
La Morita 

76 30 2,914 9,554 1,058 16,770 

Rosarito I Pump Station 
Rosarito 

WWTP Rosarito I 36 14 3,676 12,05
2 

151 2,393 

Popotla Pump Station 
Popotla 

WWTP Popotla 20 8 6,323 20,73
1 

68 1,078 

Mesa del 
Descanso 

Pump Station Mesa 
del Descanso 

WWTP Mesa de 
Descanso 

20 8 12,75
3 

41,81
3 

78 1,236 

Puerto Nuevo Pump Station 
Puerto Nuevo 

WWTP Puerto 
Nuevo 

20 8 7,269 23,83
3 

78 1,236 

La Misión Pump Station La 
Misión 

WWTP La Misión 20 8 1,322 4,334 21 333 

 
11.5 Wastewater Collection System Analysis in relation 
to the location of WWTP’s for each Alternative 
The wastewater collection system was modeled for each one of the four alternatives to 
identify the construction and rehabilitation work needed to collect wastewater and 
convey it to the WWTP’s recommended by each alternative. 

Results of hydraulic analysis for each alternative are shown in Appendix Q.  As it can 
easily be observed, the needed pipeline lengths to convey wastewater are very similar 
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for each alternative, given the similarity of the location of the WWTP’s and discharge 
points.  

The main differences between alternatives correspond to the pipelines to convey 
wastewater from concentration points (pump stations) to treatment plants. 

The results of Alternatives B-B and B-D modeling are very similar and the main 
difference is the pressure lines previously described in the presentation of each 
alternative. 

Alternative B-C differs from B-B, because 380 l/s will not enter Alamar Regional 
Plant; instead they will be conveyed to the Eastern secondary sewage toward PB1 and 
from there, to Coastal Basin regional. The diameter of this secondary sewage will be 
the same as all other alternatives. 

The main difference between Alternative B-E and Alternative B-B is due to the 
expansion of La Morita plant, which reduces the need to convey wastewater below 
this point for 490 l/s. This implies that the diameters of the gravity lines for the 
proposed pump station to capture wastewater at Matanuco Sur until the intersection 
with the pump station for Alamar Regional, will be smaller that in the other 
alternatives. 

Table 11-11 shows the lengths of sewage pipelines to be rehabilitated and the 
necessary pipelines for each one of the alternatives.  

 
Table 11-11 

Length of pipelines to be rehabilitated according to each Alternative 
(Alternative B-B) (Alternative B-C) (Alternative B-D) (Alternative B-E) Diameter 

Rehabilitation New Rehabilitation New Rehabilitation New Rehabilitation New 
inch mm m m M M m m M M 

8 200 19 2,027 19 2,027 19 2,027 19 2,027
10 250 1,002 0 1,002 0 1,002 0 1,002 0
12 300 1,995 8,555 1,995 8,555 1,995 8,555 1,995 11,045
14 356 3,385 0 3,385 0 3,385 0 3,385 0
15 380 959 67,265 959 67,265 959 67,265 959 67,181
16 406 2,570 0 2,570 0 2,570 0 2,602 0
18 450 2,635 10,523 2,635 10,523 2,635 10,523 2,700 10,523
20 500 3,499 8,319 3,499 8,319 3,499 8,319 3,424 8,319
24 610 6,697 24,722 6,697 24,722 6,697 24,722 6,697 24,866
30 760 4,216 16,367 4,216 16,367 4,216 16,367 5,385 16,367
36 910 6,263 23,448 6,125 23,448 4,545 23,448 5,718 20,958
42 1,070 1,931 6,262 2,068 6,262 2,664 6,262 3,408 9,527
48 1,220 3,306 3,265 2,781 3,265 3,393 3,265 2,613 1,749
55 1,400 1,854 0 2,941 0 1,437 0 2,509 0
60 1,520 1,791 1,792 1,495 1,792 1,785 1,792 2,699 43
72 1,830 3,144 0 3,351 0 4,080 0 2,378 0
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Table 11-11 
Length of pipelines to be rehabilitated according to each Alternative 

(Alternative B-B) (Alternative B-C) (Alternative B-D) (Alternative B-E) Diameter 
Rehabilitation New Rehabilitation New Rehabilitation New Rehabilitation New 

inch mm m m M M m m M M 
84 2,130 1,788 0 1,985 0 2,067 0 1,202 0
96 2,440 1,957 0 1,516 0 1,600 0 1,080 0

100 2,500 426 0 426 0 605 0 106 0
Total  49,436 172,544 49,666 172,544 49,151 172,544 49,881 172,603

 
Pipeline diameters and lengths shown in Table 11-11 show the amount of pipeline 
that has to be built parallel to the existent pipeline to achieve the conveyance capacity 
needed to satisfy future conditions in the project column. 

Results from the modeling of the network in conditions of maximum flow expected 
for the year 2023 will be used to calculate costs. Section 12 shows methodology to 
calculate costs for each of the alternatives. 
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